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ABSTRACT

Syntheses and Reacticxis of Azabicycl^ by A. Bathgate

S e v e ra l  n o v e l n i t r o g e n  c o n ta in in g  b i c y c l i c  system s have been 

s y n th e s is e d  and t h e i r  c h e m is try  in v e s t ig a te d .

The k i n e t i c  and therm odynamic in v e rto m e r r a t i o s  o f 

N -c h lo ro -1 , 2 , 3 , 4 - t e t r a h y d r o - 2 - k e to - l , 4 -im in o n ap h th a len e  d e r iv a t iv e s  were 

d e te rm in e d . The r e s u l t s  su g g e s te d  th a t  a  r e p u ls iv e  i n t e r a c t io n  e x is te d  

betw een th e  p o s i t i v e  end o f  th e  ca rb o n y l d ip o le  and th e  incoming 

e l e c t r o p h i l i c  c h lo r in e .  D e sp ite  r e a c t io n  u n d er fa v o u ra b le  s o lv o ly t ic  

c o n d i t io n s ,  i t  ap p ea red  t h a t  hem olysis  o f  th e  N -ch loroam ines was 

fav o u red  o v e r  h e t e r o l y s i s .

Under c o n d i t io n s  o f  n e g l ig ib le  in v e r s io n ,  N -c h lo ro -1 , 4 -d ih y d ro -  

1-m e th y l-1 , 4 - im in o n a p h th a le n e s  underw ent h e t e r o l y t i c  rea rran g em en t to  

form  4 -m e th y lq u in o lin e s .  From th e se  e j^ e r im e n ts  i t  was deduced th a t  th e  

q u in o l in e  p ro d u c ts  m ust be d e r iv e d  from th e  a n ti-N -c h lo ro a m in e s  w ith  

lo s s  o f  a  b rid g e h e a d  c a rb o n  atom . A mechanism f o r  th e  form aticxi o f  

th e s e  p ro d u c ts  was p ro p o se d .

N o rtro p an e  was s y n th e s is e d  in  h igh  o v e r a l l  y i e ld  and th e  f i r s t  

s y n th e s is  o f  a  s im p le  d e r iv a t iv e  o f  n o r tro p -6 -e n e  w hich has been 

a ch iev ed  in  s i g n i f i c a n t  y i e l d  was a l s o  acc o m p lish e d . The p ro ced u re  

d e m o n stra te d  th e  v i a b i l i t y  o f  an in tr a m o le c u la r  c y c l i s a t i o n  approach  

g iv e n  an  a p p r o p r ia te ly  n u c le o p h i l ic  n i t r o g e n .

I n v e s t ig a t io n  o f  th e  r e a c t io n s  o f  d ilo ro s u lp h o n y l iso c y a n a te  

w ith  7- s u b s t i t u t e d  c y c lo h e p ta t r ie n e s  p ro v id ed  e v id e n c e  t h a t  ch o ice  o f  

s o lv e n t  and r e a c t io n  tim e  a lo n g  w ith  c a r e f u l  m o n ito r in g  e x e r t s  c o n tro l  

o v e r  th e  a d d i t io n  o f  e i t h e r  th e  C=0 o r  C=N m o ie ty  a c ro s s  th e  te rm in i o f  

th e  t r i e n e  u n i t .
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1. I .  PYRAMICAL INVERSION AT NITROGEN

In  th e  ground s t a t e ,  amines e x i s t  in  an app ro x im ate ly  py ram idal

sp3 h y b r id ise d  s t a t e  (1) and th ey  may undergo spon taneous in v e rs io n

v ia  an sp^ c o p la n a r  t r a n s i t i o n  s t a t e  (2) to  form th e  in v e rto m er

( 3 ) . ! '2 , 3 , 4  "itie energy  re q u ire d  to  e f f e c t  r e h y b r id is a t io n  i s  c a l le d

th e  in v e rs io n  b a r r i e r ,  ( f ig u re  1 .1 ) .

Reaction coordinate — ►
A G ^  = free energy of activation for

Figure 1*1

inversion

S e v e ra l a l t e r n a t iv e s  to  th e  pyram idal mechanism fo r  n it ro g e n  

in v e rs io n  have been p r o p o s e d ;  2 o f th e se  o n ly  quantum -m echanical 

tu n n e ll in g  i s  th o u g h t to  be o f any im portance . T h is mode of i n t e r 

co n v ers io n  i s  o p e ra t iv e  in  ammonia and am ines w ith  v ery  l i g h t  

s u b s t i tu e n t  atoms such as  hydrogen , o r  where th e  in v e rs io n  b a r r i e r  i s  

v e ry  low.
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A c h i r a l  c e n t r e  i s  c re a te d  i f  th e  th r e e  l ig a n d s  a t ta c h e d  to  

n i t ro g e n  a re  d i f f e r e n t ,  th e  lone  p a i r  o f e l e c t r o n s  be ing  c o n s id e re d  as  a 

fo u r th  g ro u p . The two in v e r t  cm ers do n o t n e c e s s a r i ly  have an 

e n a n tio m e ric  r e l a t i o n s h ip ,  how ever; th e  e q u i l ib r a t in g  form s (1) and (3) 

may a l s o  be d ia s t e r e o i s a n e r s . In  carbon c h e m is try , d ia s te re o is o m e rs  

f r e q u e n t ly  p o s se s s  d i f f e r e n t  p h y s ic a l  and chem ica l p r o p e r t i e s  w hich 

a llo w  t h e i r  s e p a r a t io n .^  Due to  th e  dynam ic p ro c e s s  o c c u rr in g  a t  

n i t r o g e n ,  s e p a r a t io n  o f  d ia s te re o is o m e r ic  in v e rtc m e rs  i s  im p o ss ib le  in  

th e  m a jo r i ty  o f c a s e s .  N e v e r th e le s s ,  th e re  a re  s e v e r a l  c l a s s e s  o f th re e  

c o o rd in a te  n i t ro g e n  compounds t h a t  p o sse ss  h ig h  in v e rs io n  b a r r i e r s ,  some 

s u f f i c i e n t l y  h ig h  to  a t t a i n  c o n f ig u ra t io n a l  s t a b i l i t y  a t  n i t r o g e n  a t  

norm al te m p e ra tu re s ,  th u s  a llo w in g  t h e i r  p h y s ic a l  s e p a r a t io n .

Amines w ith  such  h ig h  in v e rs io n  b a r r i e r s  a re  o f  p a r t i c u l a r

i n t e r e s t .  I t  i s  im p o rta n t to  d e te rm in e  v4iich s t r u c t u r a l  f e a tu r e s  r a i s e  

th e  in v e rs io n  b a r r i e r  in  o rd e r  to  in c re a s e  o u r u n d e rs ta n d in g  o f  n it ro g e n  

in v e rs io n  g e n e r a l ly .  W ith m ost am ines, r a p id  in v e rs io n  a t  n i t ro g e n  

p re c lu d e s  m ean in g fu l d is c u s s io n  o f s te re o c h e m is try  and t h e i r  r e a c t io n s .  

However, compounds w ith  s u f f i c i e n t l y  h igh  in v e rs io n  b a r r i e r s  may a llo w  

th e  s tu d y  o f  th e  s te re o c h e m ic a l consequences o f r e a c t io n s  a t  n i t r o g e n .

S e v e ra l f a c to r s  in f lu e n c e  e i t h e r  th e  energy  o f th e  ground s t a t e  

o r  th e  t r a n s i t i o n  s t a t e ,  and hence th e  m agnitude o f  th e  b a r r i e r  to

in v e rs io n  a t  n i t r o g e n .  These s t r u c t u r a l  e f f e c t s  f a l l  b ro a d ly  in to

e le c t r o n i c  and s t e r i c  c a te g o r ie s .

Electronic Effects
a) C o n ju g a tiv e  I n te r a c t io n s

C o n ju g a tio n  o f  th e  n i t ro g e n  lo n e  p a i r  o f  e l e c t r o n s  w ith  an

a d ja c e n t ir-sy s tem  i s  g r e a t e r  in  th e  p la n a r  t r a n s i t i o n  s t a t e ,  v tiere th e  

lo n e  p a i r  i s  in  a  p - o r b i t a l ,  th a n  in  th e  py ram id al ground s t a t e  where i t
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p o s se s s e s  a  h ig h e r  d eg ree  o f  s - c h a r a c t e r .  O verlap  and su b se q u en t 

d e lo c a l i s a t i o n  low er th e  b a r r i e r  to  n i t ro g e n  in v e rs io n  by s t a b i l i s a t i o n  

o f  th e  t r a n s i t i o n  s t a t e .  The p re sen ce  o f  such  c o n ju g a tiv e  in t e r a c t io n s  

a l s o  le a d s  t o  a  g e o m e tric  change: th e  n i t ro g e n  s i t e  becomes l e s s

p y ra m id a l. However, in  th e  ca se  o f a z i r i d i n e s ,  th e  an g le  s t r a i n  o f  th e  

c y c l ic  system  opposes th e  tendency  o f  c o n ju g a tiv e  g roups to  re n d e r  th e  

n i t ro g e n  s i t e  l e s s  p y ra m id a l. T h is  c l a s s  o f cotpound i l l u s t r a t e s  th e  

e f f e c t  o f  (p -p ) n - o v e r la p  in  th e  t r a n s i t i o n  s t a t e ,  ( t a b l e  1 .1 ) .

Table 1.1. InversicHi Barrier (AG*t/kiaiiol'~̂ )̂

812 78 7

^ N ~ E t  431 4 9 0

0
II

N~CNMe, 411

b) H eteroatom  E f f e c t

I f  th e  in v e r t in g  c e n tr e  b e a rs  a  s u f f i c i e n t l y  e l e c t r o n e g a t iv e  

s u b s t i t u e n t ,  th e  d isp la c e m e n t o f e l e c t r o n  d e n s i ty  away from n i t ro g e n  

in c re a s e s  th e  p u l l  o f  th e  n i t ro g e n  n u c leu s  on th e  lone  p a i r .  E le c t r o 

n e g a tiv e  s u b s t i tu e n t s  on n i t ro g e n  a re  th u s  ex p ec ted  to  in c re a s e  th e  

s - c h a r a c t e r  o f  th e  lo n e  p a i r .  As th e  lo n e  p a i r  i s  in  a  p - o r b i t a l  in  th e  

t r a n s i t i o n  s t a t e ,  such  s u b s t i tu e n t s  th e r e f o r e  in c re a s e  th e  b a r r i e r  to  

in v e rs io n .
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c) E le c tro n  R ep u lsio n  E f f e c ts

I f  th e  s u b s t i tu e n t  on n it ro g e n  p o s se s s e s  a  lo n e  p a i r  o f  

e l e c t r o n s ,  th e  in v e rs io n  b a r r i e r  may in c r e a s e . As th e  lo n e  p a i r  co 

n i t ro g e n  p a s s e s  frcra approx im ate  sp^  h y b r id i s a t io n  in  th e  ground s t a t e  

to  p  in  th e  t r a n s i t i o n  s t a t e ,  re p u ls io n  w ith  lo n e  p a i r s  on a d ja c e n t 

atom s w i l l  in c re a s e .

The e f f e c t s  o f  s u b s t i tu e n t  e l e c t r o n e g a t iv i t y  and e le c t r o n  

r e p u ls io n  in te r a c t io n s  a r e  v e ry  d i f f i c u l t  to  d i s t i n g u i s h  as  e l e c t r o 

n e g a t iv e  s u b s t i tu e n ts  a re  a l s o  l i k e ly  to  b e a r  lo n e  p a i r s  which le a d  to  

r e p u ls iv e  in t e r a c t io n s .  The combined e f f e c t  o f th e s e  v a r ia b le s  on th e  

in v e rs io n  b a r r i e r  i s  i l l u s t r a t e d  in  t a b le  1 .2  by com paring a l k y l -  

s u b s t i tu t e d  a z a c y c le s  w ith  th o se  c o n ta in in g  a  h e te ro a to m  s u b s t i t u e n t .

Table 1.2. Inversion Barrier (Act/kanol"̂ ) ̂

^  ^N~Me 28 5 ^ 38 5

(Z )N ~ M e  352  (Z ^ N ^ C l 431

^ ^ N ~ M e  4 2 7  < ^ N ~ C l  56 1

71 1 r^ N ~ *B u 138 1
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Steric Effects
a )  Ring S t r a in

At th e  t r a n s i t i o n  s t a t e  f o r  in v e rs io n ,  th e  R-N-R bond an g le  m ust 

a t t a i n  120°. The amount o f energ y  re q u ire d  to  d i l a t e  th e  ground s t a t e  

R-N-R a n g le  a s  i t  ap p roaches th e  t r a n s i t i o n  s t a t e  f o r  in v e rs io n  

in c re a s e s  a s  t h i s  an g le  i s  reduced  frcra 109° t o  s m a l le r  R-N-R bond 

a n g le s  a s  in  a z e t id in e s  (c a .  96°) and a z i r i d in e s  ( c a .  6 0 ° ) .  The v e ry  

h ig h  n i t ro g e n  in v e rs io n  b a r r i e r s  o f  a z i r i d i n e  d e r iv a t iv e s  w ere 

p re d ic te d ^  a lm o s t t h i r t y  y e a rs  b e fo re  th e  f i r s t  c o n f ig u r â t io n a l ly  s t a b l e  

in v e rto m ers  were i s o l a t e d . ^

T ab le  1 .3  i l l u s t r a t e s  th e  in c re a s e  in  in v e rs io n  b a r r i e r  as th e  

r in g  s iz e  (and hence th e  R-N-R a n g le )  c o n t r a c t s .  The e x o c y c lic  lo n e  

p a i r  o f  e l e c t r o n s  in  a z i r i d in e s  h as  more s - c h a r a c t e r  th a n  th a t  o f a  

norm al sp^ lo n e  p a i r  and th u s  r e q u ir e s  more en e rg y  to  assume gxire 

p - c h a r a c te r  in  th e  t r a n s i t i o n  s t a t e .

Table 1.3. Inversicxi Barrier

Mg 28 4

o N Mg 33* 9

cN ^ M g 42*6

N~Me 81 1
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b) Non-bonded I n te r a c t io n s

As th e  s t e r i c  re q u ire m en t o f  a s u b s t i tu e n t  a t ta c h e d  to  n it ro g e n  

in c re a s e s ,  a p p re c ia b le  non-bonded r e p u ls io n s  o ccu r v h ich  a re  s t r o n g e r  in  

th e  py ram idal ground s t a t e  th a n  in  th e  p la n a r  t r a n s i t i o n  s t a t e  

R eplacem ent o f  a  sm a ll a lk y l  g roup , such as m ethy l on n i t r o g e n  by a  

la rg e  g ro u p , such  a s  _ t-b u ty l, w i l l  le a d  to  a  low er in v e rs io n  b a r r i e r  

s in c e  cxi go ing  to  th e  t r a n s i t i o n  s t a t e ,  th e  R-N-R bond an g le  in c re a s e s  

from  c a .  109° to  120°. Thus, any s t r a i n  p r e s e n t  in  th e  ground s t a t e  can 

be r e l ie v e d  to  some e x te n t  a t  th e  t r a n s i t i o n  s t a t e .

c ) The B ic y c lic  E f fe c t

An in c re a s e  in  th e  in v e rs io n  b a r r i e r  i s  in c u rre d  i f  an azamono- 

c y c le  i s  b rid g e d  by œ e  o r  more carbon  atom s. The b ic y c l ic  e f f e c t  may 

be p a r t i a l l y  due to  th e  in c re a se d  m o le c u la r  r i g i d i t y  im p arted  by th e  

b r id g in g  carbon  atoms co n seq u en tly  r a i s in g  th e  an g le  s t r a i n  a t  n i t r o g e n ,  

( ta b le  1 .4 ) .

Table 1.4. Inversion Barrier

38 5

N~Cl 42 3
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The in v e rs io n  b a r r i e r s  o f tiie  2 -a z a b ic y c le s  in  t a b le  1 .5  can  be 

r a t i o n a l i s e d  in  te rm s o f  th e  d eg ree  o f  f l e x i b i l i t y  o f th e  carb cn  b r id g e s  

and hence o f  each  m o lecu le  a s  a  v^o le.®  R eplacem ent o f th e  -CH2 -CH2 -  

b r id g e  in  (4) by th e  s h o r te r  -CH=CH- b rid g e  in  (5 ) r a i s e s  th e  in v e rs io n  

b a r r i e r  a s  does rep lacem en t by a  -CH2 -  b r id g e  ( 6 ) .  A ccm b in a tio n  o f 

b o th  a s  in  (7) le a d s  t o  a  f r e e  energ y  o f a c t i v a t io n  g r e a t e r  th a n  in  

a z e t id i n e s .

Table 1.5. Inversion Barrier (AĜ TcJinol"̂ )̂

(4) 44 3 5) 48 5

( 6 )

X

510 (7) 64 *0

Ih e  m ost rem arkab le  e f f e c t  i s  found in  7 -a z a b ic y c lo [ 2 .2 .1 ] -  

h ep tan e  d e r iv a t iv e s  where b a r r i e r s  a re  c o rp a ra b le  w ith  th o s e  o f 

a z i r i d i n e s .  The C-N-C bond a n g le  in  th e se  a z a b ic y c le s  i s  c a .  9 6 ^ ,9  

s im i l a r  t o  t h a t  in  a z e t id in e s  b u t th e  in v e rs io n  b a r r i e r s  a r e  

c o n s id e ra b ly  h ig h e r ,  ( t a b l e  1 .6 ) .
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Table 1.6. Inversion Barrier (AGykJnol 1)

Me

6 2 f  4 2 7

COjMe

Cl

8 7 1' | 2 j ^  56 0̂

COjMe

T h is  e x t ra o rd in a ry  e f f e c t  cxi th e  n i t r o g e n  in v e rs io n  b a r r i e r  

rem ains u n e x p la in e d . T e n ta t iv e  s u g g e s tio n s  have been m ade^ '^^  w hich 

w i l l  be e x p lo re d  l a t e r  in  th e  p r e s e n t  work.

I .  I I .  THE DETERMINATION OF INVERSION BARRIERS AND INVERTOMER RATIOS

a )  In v e rs io n  B a r r ie r s

Any m ean ing fu l d is c u s s ic n  o f  p y ram idal in v e rs io n  a t  n i t r o g e n  

r e q u ir e s  a  knowledge o f th e  amount o f  energy  t h a t  m ust be p u t in to  a  

m o lecu le  to  cause  i t  t o  undergo an in v e r s io n .  V ario u s m ethods have been  

employed to  d e te rm in e  b a r r i e r s  to  py ram idal in v e r s io n .  The ch o ice  o f 

te c h n iq u e  depends la r g e ly  on th e  s t r u c t u r e  o f  th e  m o lecu le  and th e  

m agnitude o f  th e  b a r r i e r .
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B a r r ie r s  in  th e  range 0-20kJinol“ ^ a r e  u s u a l ly  m easured by 

m icrowave sp e c tro sc o p y  and , to  a  l e s s e r  e x t e n t ,  i n f r a - r e d  s p e c tro s c o p y . 

These te c h n iq u e s  have en ab led  th e  b a r r i e r s  o f  low m o le c u la r  w eig h t 

am ines such a s  ammonia and m ethylam ine to  be d e te rm in e d .

Amines w ith  v ery  h ig h  b a r r i e r s  (>96kJmol” ^) have v e ry  low r a te s  

o f  in v e rs io n  and th e  i s o la t io n  o f  in v e rto rae rs  beccames f e a s i b l e .  The 

f r e e  energy  o f a c t iv a t io n  may be d e term ined  by u s in g  c l a s s i c a l  k in e t i c  

te c h n iq u e s .  A m easurem ent o f  th e  r a t e  o f  co n v e rs io n  o f  one in v e rto m e r 

i n to  a n o th e r  u nder n e c e s s a r i ly  n o n -e q u ilib r iu m  c o n d i t io n s  i s  d e te rm in ed  

u s in g  an  a p p ro p r ia te  s p e c tro s c o p ic  m eans: -  n u c le a r  m agnetic  re so n a n c e , 

u l t r a v i o l e t  o r  i n f r a - r e d  abso rbance  o r  d eca y , o r  p o la r im e try  i f  th e  

in v e rto m er i s  c h i r a l .

The bu lk  o f  th e  b a r r i e r  d a ta  to  d a te  has been d e te rm in ed  u s in g  

NMR s p e c tro s c o p y . T h is  w ide a p p l ic a t io n  r e s u l t s  n o t o n ly  from  

in s tru m e n ta l  and a n a l y t i c a l  s im p l ic i ty ,  b u t a l s o  because th e  b a r r i e r s  

t h a t  a r e  s u s c e p t ib le  t o  NMR a re  in  th e  oornmon range  20-100kJm ol“ ^ . 

M easurem ents a re  made w ith  th e  sam ple a t  therm odynam ic e q u i l ib r iu m . The 

in v e rs io n  p ro c e s s  m ust b r in g  ab o u t exchange betw een two m a g n e tic a l ly  

n o n -e q u iv a le n t s i t e s  a t  a  r a t e  v h ic h  is  slow  on th e  NMR t im e s c a le .^  The 

NMR s ig n a l s  due t o  th e s e  s i t e s  m ust be s u f f i c i e n t l y  s e p a ra te d  f o r  

te m p e ra tu re -c o a le sc e n c e  to  be o b se rv ed .

Two d i s t i n c t  s ig n a l s  may be observed  when n i t ro g e n  in v e rs io n  i s  

slow  on th e  NMR t im e s c a le .  As th e  te m p era tu re  i s  r a is e d  and th e  r a t e  o f 

in v e rs io n  in c r e a s e s ,  th e  two peaks broaden and e v e n tu a l ly  m erge. Peak 

c o a le sc e n c e  i s  o b serv ed  when th e  r a t e  o f in v e rs io n  i s  com parable to  th e  

freq u en cy  d i f f e r e n c e  a t  slow  exchange. A f u r th e r  in c re a s e  in  

te m p e ra tu re  r e s u l t s  in  th e  in v e rs io n  becoming so  r a p id  t h a t  on th e  

t im e s c a le  o f  th e  o b s e rv a t io n ,  th e  s i t e s  a r e  no lo n g e r  d i s t i n c t  and a  

s in g le  s h a rp  peak i s  produced lo c a te d  a t  th e  av e rag e  o f th e  slow  

exchange f r e q u e n c ie s ,  ( f ig u r e  1 .2 ) .
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T >Tc

Tc

T < T c

T « T c

Figure 12

The te m p e ra tu re  a t  v h ich  th e  two s ig n a ls  j u s t  be corne in c o h e re n t 

i s  known a s  th e  c o a le sc e n c e  te m p e ra tu re , T^. The r a t e  c o n s ta n t  f o r  

in v e rs io n  a t  t h i s  te m p e ra tu re , k^r may be d e te rm in ed  from  th e  e x p re s s io n  

( 1 : 1).

kc = TTÙy (1 :1 )

v /2

where Av i s  th e  freq u en cy  s e p a ra t io n  a t  slow  exchange .
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The f r e e  en erg y  o f  in v e rs io n  a t  c o a le s c e n c e , A G ^ , can be 

c a l c u la te d  u s in g  th e  E yring e q u a tio n  ( 1 :2 ) .^

= kgT exp A a g ^ \  (1 :2 )

—  [— J

w here kg = Boltzm ann ' s  c o n s ta n t 

h = P la n c k 's  c o n s ta n t  

R = g a s  c o n s ta n t  

T = a b s o lu te  te m p era tu re

T h is  e q u a t io n  may be r e -e x p re s s e d , ( 1 :3 ) .

Ag"*"= 19 .12  Tc |l0 .3 2  + lo g jo  T^c\ (1 :3 )

T h is  method i s  c n ly  s t r i c t l y  ^ p l i c a b l e  to  system s w ith  an e q u a l 

p o p u la t io n  o f  invertcam ers a t  e q u i l i b r i u m .H o w e v e r ,  w ith  m o d if ic a t io n s ,  

i t s  u se  can be ex ten d ed  to  in c lu d e  e v a lu a t io n  o f  A G ^ f o r  u n e q u a lly  

p o p u la te d  s i t e s .

The c o a le s c e n c e  method does n o t p ro v id e  a  m easure o f th e  f r e e  

e n th a lp y  (A H ^) o r  e n tro p y  (A S^ ) f o r  in v e rs io n .  I t  o n ly  a llo w s  th e  

d e te rm in a tio n  o f  AG^ b u t i t  does so  to  a  h ig h  d eg ree  o f  a c c u ra c y .^  

R e c e n tly , i t  has become p o s s ib le  to  o b ta in  a c c u ra te  v a lu e s  f o r  a l l  th e  

a c t i v a t io n  p a ra m e te rs  a s s o c ia te d  w ith  in v e rs io n  u s in g  com puter-based  

l in e s h a p e  a n a ly s i s  o f  s p e c t r a .

As w e ll  a s  n i t ro g e n  in v e rs io n ,  o th e r  te m p e ra tu re -d e p e n d e n t 

phenomena may o c c u r ,  and i t  may become d i f f i c u l t  to  d e c id e  w hich p ro c e s s  

i s  b e in g  o b se rv e d . One o f th e  more f r e q u e n t ly  e n co u n te red  p ro c e sse s  is  

h in d e re d  r o t a t i o n  ab o u t bonds v h ich  can o ccu r in  am ides ,4  f 14 hydroxy1 -  

a m in e s ,^ ^  su lp h e n a m id e s , h y d r a z i n e s a n d  even some s im p le  am ines.
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A n o th er « in fo rm a tio n a l p ro c e s s  to  be c o n s id e re d  i s  r in g  

in v e r s io n .  N i t r o g e n - s u b s t i tu te d  p ip e r id in e s ,  f o r  exam ple, have s im i la r  

e n e rg ie s  o f  a c t i v a t io n  f o r  sixMnembered r in g  in v e rs io n  and n i t ro g e n  

in v e r s io n .

When such  a m b ig u itie s  e x i s t ,  i t  may be p o s s ib le  to  d i s t i n g u is h  

n i t r o g e n  in v e r s io n  by a p p l ic a t io n  o f  one o f th e  s t r u c t u r a l  e f f e c t s  

m en tioned  e a r l i e r .  For exam ple, i f  th e  b a r r i e r  d e c re a se s  by c o n ju g a tin g  

th e  n i t r o g e n  w ith  a  ca rb o n y l g ro u p , o r  by in c re a s in g  th e  bu lk  o f th e  

s u b s t i t u e n t s  on n i t r o g e n ,  th e n  th e  p ro c e s s  o b se rv ed  i s  n i t ro g e n  

in v e r s io n .  However, in  th e  s tu d y  o f  N -^ -b u ty l-N -h a lo am in es , B u sh w elle r 

e t  a l .  r e p o r te d  th e  e x is te n c e  o f coup led  n it ro g e n  in v e rs io n  and tH D utyl 

r o t a t i o n  and p ro p o sed  a  dynamic model f o r  th e  r o ta t io n - in v e r s io n  

dichotom y in  a l l  a lk y  la m in e s .

Problem s may o c c u r i f  th e  s ig n a l s  o f  th e  exchanging  s i t e  

c o in c id e .  I h i s  may be overcam e by th e  use  o f  p a ram ag n e tic  s h i f t  

r e a g e n ts  a l th o u g h  t h i s  approach  n e g le c ts  any e f f e c t  o f th e  s h i f t  r e a g e n t 

on th e  in v e rto m e r r a t i o .  The u se  o f a  d i f f e r e n t  s o lv e n t  may a ls o  remove 

th e  c o in c id e n c e  o f  s h i f t s .  However, change o f s o lv e n t  has an im p o rta n t 

in f lu e n c e  on th e  m agnitude o f  th e  in v e rs io n  b a r r i e r t h u s  id e n t i c a l  

s o lv e n ts  m ust be used  in  o rd e r  to  make d i r e c t  com parisons o f  b a r r i e r s .

However, more r e c e n t ly ,  w ith  th e  developm ent o f s e n s i t i v e  FT NMR 

s p e c tro m e te r s , o th e r  n u c le i  have been in c re a s in g ly  u sed  to  s tu d y  

n i t r o g e n  in v e r s io n .  1%  an d , vhere  a p p l ic a b le ,  ^^F NMR have became

in c r e a s in g ly  im p o r ta n t . nmr21“ 26 ig  p a r t i c u l a r l y  u s e fu l  as  th e

r e s u l t i n g  s p e c t r a  a re  o f te n  f a r  l e s s  oomplex th a n  ^H NMR due to  th e  

w id e r ran g e  o f  chem ica l s h i f t s  and th e  la c k  o f c o u p lin g . They a l s o  show 

l a r g e r  v a lu e s  o f  A'^ which in c re a s e s  th e  acc u racy  o f th e  c o a le scen ce  

m ethod . However, one drawback i s  t h a t  th e  slow  r e la x a t i c n  o f  th e  

n u c le i  d e c re a s e s  th e  accu racy  o f in te g r a t io n  o f a b s o rp t io n s .  The use of



-  13

N M r 2 7  been m inim al u n t i l  r e c e n t ly  due to  i t s  low n a tu r a l

abundance and low s e n s i t i v i t y .  The s tu d y  o f  t h i s  n u c leu s  a t  n a tu r a l  

abundance has became p o s s ib le  due to  th e  adven t o f more s e n s i t i v e ,  h ig h -  

f i e l d  NMR s p e c tr o m e te r s . Improved r e s u l t s  a re  o b ta in e d  a f t e r  m odest ^^N

e n r ic h m e n t .28

b) In v e rto m er R a tio s

The r e l a t i v e  in v e rto m er p o p u la tio n s  can be o b ta in e d  s im p ly  by 

d i r e c t  in t e g r a t i o n  o f  th e  s ig n a ls  due to  th e  g roup  exchanged by slow  

in v e rs io n  below  th e  c o a le sc e n c e  te m p e ra tu re . The d eg ree  o f  a c c u ra c y  o f  

such  m easurem ents depends la r g e ly  on th e  s e p a r a t io n  o f th e  s ig n a l s  due 

to  an  atom a t  one exchang ing  s i t e .  Problem s due to  s ig n a l  o v e r la p  a r e  

u s u a l ly  c o n fin e d  to  bMR and a re  f r e q u e n t ly  a l l e v i a t e d  by m easurem ents 

a t  h ig h  f i e l d .  S ig n a l o v e r la p  i s  l e s s  l i k e l y  in  NMR, and in v e rto m e r 

r a t i o s  a re  o f te n  d i r e c t l y  m e a su ra b le . U n fo r tu n a te ly ,  in t e g r a t i o n s  a r e  

n o t a lw ays r e l i a b l e  due to  v a r i a t io n s  in  th e  r e la x a t io n  r a t e s  o f  

n u c l e i .

A sym m etric am ines te n d  to  have unequal in v e rto m er p o p u la t io n s  

due to  s t e r i c  a n d /o r  e l e c t r o n i c  in f lu e n c e s .  In  th e  s e r i e s  o f  

a z a b ic y c le s  shown in  t a b le  1 .7 ,®  s t e r i c  in f lu e n c e s  ap p ea r to  be th e  

p red o m in an t f a c t o r  f o r  d e te rm in in g  th e  in v e rto m er p r e f e r e n c e s .  The 

a z a b i c y c le  ( 4 ) ,  b e in g  sy m m e trica l, has an e q u a l p o p u la t io n  o f  

in v e r tc m e rs .  However, th e re  i s  a  c l e a r  p re fe re n c e  f o r  exo -C l o v e r 

endo-C l in  (6 ) w hich m ust be s t e r i c  in  o r ig i n .  The N -ch lo roam ines (5) 

and (7) show a  p re fe re n c e  f o r  an e x o - o r ie n ta t io n  o f th e  n i t ro g e n  lo n e  

p a i r  and th e  v in y l  b r id g e  w hich i s  th o u g h t to  be due to  th e  d im in ish e d  

s t e r i c  c o n g e s tio n  betw een th e  c h lo r in e  and th e  ex o -h y d ro g en s.
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(4)

•/o exo-chlorine . */o endo-chlorine 
at equilibrium * at equilibrium

50 50

(5) 91

( 6 )

(7)

75

12

25

88

The q u e s t icxi o f  i n t e r a c t  i o i  betw een th e  tt- system  and th e  

n i t r o g e n  lo n e  p a i r  h a s  been  exam ined by  M orishim a. He a t te n p te d  to  

c o n s t r u c t  a  model u p o i v ^ ic h  i t  i s  p o s s ib le  t o  p r e d i c t  th e  p r e f e r r e d  

o r i e n t a t i o n  o f  th e  lo n e  p a i r  b ased  on and NMR, 29 ,30  p j^o to -

e l e c t r o n ^ l  and u l t r a v io l e t ^ ^  s p e c t r a  o f a  range  o f  mono- and  b i c y c l i c  

am in es . Two l im i t in g  form s w ere d e f in e d , ( f ig u r e  1 .3 ) .
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Homoallylic Interaction

N

Bishomoallylic Interaction

Figure 1-3

In  th e  f i r s t  c a se , th e  n itro g e n  lone p a i r  o v e r la p s  fo rm a lly  w ith

one o f  th e  p - o r b i t a l s  o f a  ir-bond in  a nonohom oconjugative fa s h io n .

T h is i s  d e sc r ib e d  as a h o m o a lly lic  in te r a c t io n  s in c e  o rth o d o x  a l l y  l i e  

c o n ju g a tio n  i s  no t p o s s ib le  due to  an in te rv e n in g  sp^ h y b r id is e d  carbon 

atom . N e v e r th e le s s , th e  geom etry o f th e  m olecu le  s u s ta in s  o v e rla p  o f 

th e  lone  p a i r  and p - o r b i t a l s .  Such an in t e r a c t io n  sh o u ld  e x e r t  a

s t a b i l i s i n g  in f lu e n c e  and th e re fo re  de term ine  the  lo n e -p a ir  p re fe re n c e .

The second l im it in g  form i s  th e  sy m n e tr ic a l b is h o m o a lly lic  

i n t e r a c t i o n .  In  t h i s  c a s e , two sp^ h y b r id ise d  carbon  atoms in t e r r u p t  

th e  norm al in t e r a c t io n .  I h i s  type o f o v e rla p  is  c o n s id e re d  to  be a

r e p u ls iv e  one and Morishima p re d ic te d  t h a t ,  when p o s s ib le ,  th e  lone p a i r  

w i l l  p r e f e r  th a t  o r ie n ta t io n  which avo ids such an in t e r a c t io n .  When the  

lo n e  p a i r  i s  faced  w ith  in te r a c t io n  w ith  two double  bonds as in  

1 ,4 -d ih y d ro -1 , 4 - im ine d e r iv a t iv e s ,  M orishima p re d ic te d  t h a t  i t  would 

p r e f e r  to  i n t e r a c t  w ith  th e  le s s  e l e c t r o n - r ic h  double bond.

However, i t  has been noted by G r u t z n e r ^ ^  and U n d e r w o o d t h a t  

M orish im a 's  r e s u l t s  (as w e ll as  t h e i r  own) in p ly  th a t  hcm ocon jugative  

r e a c t io n s  o f t h i s  k ind  canno t be o f g r e a t  e n e rg e t ic  consequence. 

M orishima s ta t e d  th a t  no in v e rto m e ric  p re fe re n c e s  a re  o b served  f o r  (8)
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o r  ( 9 ) ,  ( f ig u re  1 . 4 ) ,  two compounds th a t  ty p i fy  hano- and b i s h a r o a l ly l i c  

in t e r a c t io n s  r e s p e c t iv e ly .  The p re d ic te d  p re fe re n c e s  based on hcmo- 

c o n ju g a tiv e  e f f e c t s  a re  in d ic a te d  by th e  dashed c o n tin u a tio n  o f th e  

a r ro w s .

H

exo-( 8 )

 A
J b

e n d o - ( 6 )

syn - (  9 )

Figure 1*4

anti -  ( 9 )

I t  has a ls o  been shown th a t  in te r a c t io n s  between th e  n itro g e n  

lo n e  p a i r  and a d ja c e n t  n -b o n d s  can on ly  be o f m inor im portance compared 

to  s t e r i c  f a c t o r s .  With s u b s t i tu e n ts  la rg e r  th an  hydrogen on n i t ro g e n ,  

th e  co n g es tio n  o f neighbouring  p a r t s  o f th e  m olecu le  and th e  in v e r t in g  

g roup  w il l  dom inate th e  in v e rtcm er p re fe re n c e s .  T h is  i s  i l l u s t r a t e d  by 

(10 ) ,  where th e  m ajor in v e rtcm er i s  e x o ,3 0 '3 5  ( f ig u r e  1 . 5 ) .  The 

ob serv ed  p re fe re n c e  i s  though t to  be due to  d im in ish ed  s t e r i c  re p u ls io n  

betw een th e  m ethy l group and th e  exo -h y d ro g en s, o f  th e  e th a n o -

b r id g e .
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endo-( 10)

Me

exo -  (10)

Figure 1*5

H atioconjugative in te r a c t io n s  have th e re fo re  been shown to  be of 

o n ly  m inor e n e rg e t ic  s ig n if a n c e .  S im ila r ly ,  i t  has been e lu c id a te d  th a t  

c o n t r ib u t io n s  from t h i s  type o f in te r a c t io n  to  b a r r i e r  e le v a t io n  in  

7 -a z a b ic y c lo [2 .2 .1 ]h e p ty l  system s i s  sm a ll. Hence, th e se  in t e r a c t io n s ,  

by th em se lv es , canno t account fo r  th e  anom alously h igh  b a r r ie r s  found in  

such sy stem s. I n te r a c t io n s  o f th i s  type  would n o t p ro v id e  any 

s a t i s f a c t o r y  e x p la n a tio n  fo r  th e  h igh  b a r r i e r s  observed  in  (11) and 

s im i la r  system s which have no n-bonds a t  a l l ,  ( f ig u r e  1 . 6 ) .

Cl
()
N

( 11)

Barrier to inversion"' 

AG^=87-1 kJmor^

Figure 16

These concep ts  o f  n itro g e n  in v e rs io n  b a r r i e r s  and in v e rtcm e r 

r a t i o s  a re  im p o rtan t r e q u i s i t e s  f o r  d is c u s s io n  o f  th e  r e s u l t s  in  

subsequen t c h a p te r s .
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l . I I I .  SOLVDLYTIC REACTIONS OF N-ŒD0BQM1INES

The rea rran g e m en t r e a c t io n s  o f  N -ch loroam ines a re  o f  i n t e r e s t  

f o r  b o th  t h e o r e t i c a l  and s y n th e t ic  re a so n s . In  th e  p a s t ,  t h e o r e t i c a l  

d is c u s s io n s  have fo cu sed  on th e  in te rm ed iacy  o f  n itre n iu m  io n s  in  th e  

s o lv o ly t i c  rea rran g e m en ts  o f  N -ch loroam ines.

T r iv a le n t  e l e c t r o n - d e f i c i e n t  carbon s p e c ie s  i . e .  carbén ium  io n s  

a r e  w id e ly  a c c e p te d  in  m odem  o rg a n ic  c h e m is try . Gassman^^ f e l t  t h a t  a  

n i t r o g e n  an a lo g u e  i . e .  a  n itre n iu m  ion  sh o u ld  e x i s t ,  hav ing  s i x  

e l e c t r o n s  in  i t s  v a le n c e  s h e l l  and b e a r in g  a  p o s i t i v e  ch arg e  on 

n i t r o g e n .  He s p e c u la te d  t h a t  th e  s p e c ie s  sh o u ld  resem ble  a  carbénium  

io n  in  i t s  ch em ica l b e h a v io u r , b u t th a t  i t  sh o u ld  be much more r e a c t iv e .

One o f  th e  compounds e x te n s iv e ly  s tu d ie d  by Gassman was 

N -c h lo ro is o q u in u c lid in e  ( 4 ) .3 7 ,3 8  ^  s o lv o ly s is  r e a c t io n  c a r r i e d  o u t

in  a  r e f lu x in g  m e th a n o lic  s o lu t io n  o f s i l v e r  n i t r a t e  a f fo rd e d  2-m ethoxy- 

1 - a z a b ic y c lo [ 3 .2 .1 ] o c ta n e  (12) in  60% y ie ld .  Gassman p ro p o sed  t h a t  th e  

fo rm a tio n  o f  (12) from  (4) co u ld  o ccu r by e i t h e r  o f  two r o u te s ,  ( f ig u r e  

1 . 7 ) .

(13)

Ck
(14)

^MeOH

Figure 17

MeO

( 12)
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P ath  a  in v o lv e s  th e  rem oval o f c h lo r id e  io n  by c a t io n ic  s i l v e r  

to  y ie ld  (13) as a  d i s c r e t e  n itre n iu m  icxi in te rm e d ia te .  A lk y l m ig ra t io n  

to  produce th e  carbénium  ion  (14) fo llo w ed  by n u c le o p h i l ic  a d d i t io n  o f 

s o lv e n t  would g iv e  ( 12 ) .  The a l t e r n a t i v e  ro u te  (p a th  b) would in v o lv e  a 

c o n c e rte d  lo s s  o f  c h lo r id e  and m ig ra tio n  o f  th e  a lk y l  g ro u p  w ith  i t s  

p a i r  o f  bonding e le c t r o n s  to  g iv e  (12) d i r e c t l y .  On th e  b a s i s  o f  t h i s  

r e a c t io n ,  Gassman co u ld  n o t e s t a b l i s h  w hether o r  n o t a  d i s c r e t e  

n itre n iu m  io n  in te rm e d ia te  was form ed. However, he c o n s id e re d  t h a t  

r e g a rd le s s  o f  w hich p a th  was fo llo w ed , th e  a lk y l  g roup  m ust have 

m ig ra te d  w ith  i t s  e l e c t r œ  p a i r  and so  an e l e c t r o n - d e f i c i e n t  n i t r o g e n  

s p e c ie s  m ust have been in v o lv e d . T h is  o b s e rv a tio n  p ro v id e d  th e  

fo u n d a tio n  f o r  h i s  th e o ry  o f  th e  e x is te n c e  o f  d iv a le n t  e l e c t r o n -  

d e f i c i e n t  n i t r o g e n .

F u r th e r  p ro d u c t s tu d ie s  and k in e t i c  d a ta  l e f t  Gassman in  l i t t l e  

doubt t h a t  th e  c leav ag e  o f th e  N-Cl bond under s o lv o ly t i c  c o n d i t io n s  was 

a  h e t e r o l y t i c  p ro c e s s  w hich produced  a c h lo r id e  a n io n  and a  n itre n iu m  

io n .

However, i t  i s  now b e lie v e d  th a t  n itre n iu m  io n s  do n o t e x i s t  a s  

d i s c r e t e  s p e c ie s  b u t such h e te r o ly s i s  r e a c t io n s  in v o lv e  o n ly  a  p a r t i a l  

p o s i t i v e ly  charged  n i t ro g e n  s p e c ie s .  The id e a  o f  a - p a r t i c i p a t i o n  i s  

p r e f e r a b le  to  a  d i s c r e t e  n itre n iu m  s p e c ie s ,  ( f ig u r e  1 . 8 ) .

MeOH- n
( 12)

MeO

Figure 1-8
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In tra m o le c u la r  p a r t i c ip a t io n  o f n - e l e c t r o n s  has been shown to  

c o n t r o l  s i l v e r  io n - a s s i s t e d  h e t e r o ly s i s  o f  u n s a tu ra te d  N -ch lo ro am in es .^ ^  

The c y c l ic  N -chloroam ine (5) e x i s t s  p red o m in an tly  a s  th e  en d o - 

in v e rto m e r , b u t a t  am bien t te n p e r a tu r e s , t h i s  i s  in  r a p id  e q u i l ib r iu m  

w ith  th e  e x o - in v e r tc m e r , ( f ig u r e  1 . 9 ) .  C a r p e t i t io n  betw een th e  two 

p o s s ib le  r e a c t io n  pathw ays can th u s  be r e a d i ly  a s s e s s e d  by p ro d u c t 

s t u d i e s .

exo-( 5 )
SVc

i Ag*
MeOH

endo-( 5 )
9 r /.

Ag*
MeOH

(17)

i MeOH

(15)

OMe

( 16 )

Figure T9
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P a r t i c ip a t io n  o f  th e  a -b o n d  would p a r a l l e l  th e  o b served  

b eh av io u r o f  ( 4 ) .  I t  would be ex p ec ted  to  le a d  even more r e a d i ly  to  th e  

fo rm a tio n  o f m ethy l e th e r s  v ia  th e  a l l y l i c  carbénium  ion (1 5 ) .  However, 

T T -p a r tic ip a tio n  would le a d  to  (16) v ia  th e  in te rm e d ia te  r e p re s e n te d  a s  

(1 7 ) .  In  f a c t ,  tre a tm e n t o f th e  N -ch loroam ine (5) w ith  ^ C IO ^  in  

m ethanol a f fo rd e d  (16) as  th e  s o le  p ro d u c t in  94% y i e l d .  The c h lo r id e  

io n  h as  th e r e f o r e  been removed s p e c i f i c a l l y  from th e  m inor ex o - 

in v e rto m e r . T h is  d eg ree  o f  d is c r im in a t io n  a rg u e s  a g a in s t  h e t e r o ly s i s  o f  

th e  N-Cl bond to  g iv e  a  d i s c r e t e  n itre n iu m  ion  and in  fa v o u r  o f 

p a r t i c i p a t i o n  o f  th e  n - e le c t r o n s  and hence d e l o c a l i s a t i o n  o f  th e  

d ev e lo p in g  p o s i t i v e  c h a rg e .

S o lv o ly se s  o f  v a r io u s  a z a b ic y c le s  w i l l  be exam ined d u r in g  th e  

c o u rse  o f  th e  p r e s e n t  work and th e  mechanisms o f  th e  fo rm a tio n  o f th e  

p ro d u c ts  w i l l  be d is c u s s e d .  In  a d d i t io n ,  o b s e rv a tio n s  co n ce rn in g  th e  

r e l a t io n s h ip  betw een th e  s t r u c tu r e  o f  each  o f  th e  N -ch lo roam ines and i t s  

r e l a t i v e  r e a c t i v i t y  w i l l  be exam ined.



Chapter 2

S y n t h e s i s  a n d  S p e c t r o s c o p i c  I n v e s t i g a t i o n s  o f  

N - C h l o r o - 1 , 2 , 3 , 4 - t e t r a h y d r o - 2 - k e t o - l , 4 -

im i  n o n a p h t h a l e n e  s
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2. I. miRDDOCTION
a )  In v e rs io n  B a r r ie r s  o f  7 -A z a b ic y c lo [2 « 2 .1 ]h e p ty l D e r iv a t iv e s

D e r iv a t iv e s  o f  7 -a z a b ic y c lo [ 2 .2 .1 ] h ep tan e  a re  known to  p o s se s s  

a n o n a lo u s ly  h ig h  n i t ro g e n  in v e rs io n  b a r r i e r s . The C-N-C bond an g le  in  

th e s e  a z a b i c y c le s  i s  co irpa rab le  to  t h a t  in  a z e t id in e s  (c a .  9 6 ^ )^ , y e t  

th e  in v e rs io n  b a r r i e r s  a re  a t  l e a s t  2 0 kJm ol"^ h ig h e r ,  ( t a b l e  1 . 6 ) .  

C o n seq u en tly , f a c t o r s  o th e r  th a n  r in g  s t r a i n  m ust be e x e r t in g  a 

c o n s id e ra b le  in f lu e n c e  œ  th e  in v e rs io n  b a r r i e r s .

Ih e  s o le  r e p o r te d  m easurem ent o f  an in v e rs io n  b a r r i e r  f o r  a  

s iiT p le d e r iv a t iv e  i s  t h a t  o f 7 -m e th y l-7 -a z a b ic y c lo  [2 .2 .1 ]  h e p t-2 -e n e  (18) 

b u t many o th e r  more e la b o r a te  d e r iv a t iv e s  have been p re p a re d  and 

s tu d ie d .  T ab le  2 .1  shows a  few such ex a irp le s .

Table 2.1. Inversion Barrier (AĜ T̂cJtaol

(18)

Me

Me

COzH

6 2 3
10

81-5

Me

N

6 2 3
40

9 8 2

R e la t iv e ly  few  s y s te m a tic  s tu d ie s  have been c a r r i e d  o u t on 

s t r u c t u r a l l y  c o rp a ra b le  sy s te m s . G rib b le^^  d e te rm in e d  th e  in v e rs io n  

b a r r i e r s  o f  s e v e r a l  N-m ethyl d e r iv a t iv e s ,  ( t a b le  2 .2 ) .
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Table 2 .2 . Inversion Barrier (6G ykanol 1)41

Me
5>

Me

X = Cl 

X = F

54 3

58 5 

58 5

S u th e rla n d ^ ^  c a r r i e d  o u t a s im i la r  s tu d y  on N -benzyl 

d e r i v a t i v e s , ( t a b le  2 .3 ) .

Table 2.3. Inversion Barrier (AcXdcJmol"̂ )

C H jP h 

N

CO,H
CH^Ph

N

59 8

61 9

52 7
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A more r e c e n t  s tu d y  o f  9 -m ethy l“ l ,4 - d ih y d r o n a p h th a le n e - l ,4 -  

im ine d e r iv a t iv e s ,  d i f f e r i n g  o n ly  in  th e  b e n z o -r in g  s u b s t i t u t i o n  showed 

th a t  th e  in v e rs io n  b a r r i e r  d ec re ase d  a s  th e  a r a n a t ic  r in g  became more 

e l e c t r o n - d e f i c i e n t , 42 ( ta b l e  2 .4 ) .

Table 2.4. Inversicffi Barrier (AĜ /kJknol"̂ )42

Cc»Tipound AG^ a n ti~ » sy n  ) AG^ s y n -» a n t i  )

X=Y = Me 6 5 7  67-9
X = OMe. Y = H 64-3 67" 8
X = Y = H 63-6 65-9
X = Y = Cl 58 6 62-1
X =Y = F 58 1 62 7

Me
I

X

An e x p la n a tio n  to  t h i s  tre n d  was p roposed  by Lehn^ and i s  based  

on th e  in t e r a c t io n  o f  th e  n itro g e n  lone  p a i r  w ith  th e  n ^ l e c t r o n s .  He 

su g g e s te d  t h a t  r e p u ls io n  between th e  n it ro g e n  lone p a i r  and th e  f la n k in g  

r r - e le c tro n s  a t  th e  t r a n s i t i o n  s t a t e  may p la y  an im p o r ta n t r o le  in  

r a i s i n g  th e  energy  o f  th e  t r a n s i t i o n  s t a t e .  E le c tro n e g a t iv e  

s u b s t i tu e n t s  would d e c re a se  th e  e le c trc x i d e n s i ty  o f th e  b e n z o - r in g , th u s  

d e c re a s in g  th e  r e p u ls iv e  in t e r a c t io n  and c o n se q u e n tly  th e  b a r r i e r  

h e ig h t .  However, L e h n 's  id e a  can n o t a cc o u n t f o r  th e  h ig h  b a r r i e r  

o b served  f o r  (19) w here each  two carbon  b r id g e  i s  a  o 4 3 on d , ( f ig u r e  

2 . 1 ).
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I
COjMe

COjMe

A G  = 87 8 k Jm o l -1

Figure 2 1

O b v io u sly , th e re  m ust be o th e r  s i g n i f i c a n t  f a c to r s  o p e ra t in g  in  

such  system s f o r  th e  in v e rs io n  b a r r i e r  to  be so  h ig h . tfowever, th e  

e x a c t  n a tu re  o f  such f a c to r s  rem ains o b sc u re .

b) Ih e  S te r e o s p e c i f i c i ty  o f  E le c t r o p h i l i c  C h lo r in a tio n  o f

1 ,4 -D ih y d ro - l , 4 -im in o n ap h th a len e  D e r iv a t iv e s

In  1969, R au ten s trau ch 4 3  n o ted  th a t  th e  p r é p a r â t icxi o f  N -c h lo ro -

1 ,4 - d ih y d r o - l , 4 -im in o n ap h th a len e  (20) by th e  a c t io n  o f NCS on th e  p a re n t  

amine (9) in  s o lu t io n  a t  low te m p e ra tu re s  produced  a  r a t i o  o f  

in v e rtc m e rs  v h ic h  was d i f f e r e n t  to  th e  r a t i o  c t)served  once th e  s o lu t io n  

had been a llow ed  to  warm to  am bient te m p e ra tu re .

R e p e t i t io n  o f t h i s  exp erim en t a t  -5CPC showed t h a t  once th e  

N -ch loroam ines have been form ed, in v e rs io n  i s  e f f e c t i v e l y  f r o z e n . 44 

(R a u te n s t ra u c h 's  experim en t was conducted  a t  5°C and p a r t i a l  

e q u i l i b r a t i o n  had o c c u r r e d ) .  Ih e  r a t i o  o f in v e rtc m e rs  reco rd ed  a t  -SO^C 

r e f l e c t s  th e  d i r e c t io n  o f  c h lo r in a t io n  by NCS. I h i s  r a t i o  o f  

in v e rto m e rs  b e in g  produced  under c o n d itio n s  o f  k i n e t i c  c o n t ro l  i s  known 

a s  th e  k in e t i c  r a t i o .  On warming to  am bient te m p e ra tu re , n i t ro g e n  

in v e rs io n  i s  r a p id  and therm odynam ic e q u il ib r iu m  i s  e s t a b l i s h e d .  The 

r a t i o  o f  in v e rtc m e rs  i s  th e n  known as th e  therm odynam ic r a t i o ,  

r e f l e c t i n g  th e  b a la n c e  o f  s t e r i c  and e le c t r o n i c  in f lu e n c e s  a c t in g  cxi th e  

two d ia s te r e o is c m e r ic  in v e r tc m e rs , ( f ig u r e  2 . 2 ) .
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NH

( 9

NCS 
 *
-50°C

syn'*’- (20) 

2 8 %

6 0 %

Cl \
N

a n t i - ( 2 0 )

7 2 %

warm to ambient 
temperature

4 0 %

Figure 2 2

^ y n -  r e f e r s  t o  th e  invertcxner w ith  th e  c h lo r in e  on th e  same s id e  a s  

th e  a ro m a tic  r in g .

c) S o lv o ly t ic  R eac tio n s  o f  N -Chloroam ines

Rau te n s  t r a u c h  ̂  ̂  n o ted  t h a t  N -c h lo ro -1 , 4 - d ih y d r o - l , 4 -im in o 

n ap h th a le n e  ( 2 0 ) e x i s t e d  as  two in v e rtcm e rs  and was th e  f i r s t  to  r e p o r t  

s o lv o ly t i c  r e a c t i v i t y  in  such sy s te m s . Under g iv e n  c o n d i t io n s ,  each 

in v e rtc m e r underw ent a h e t e r o ly s i s  r e a c t io n  a t  n i t ro g e n  v ia  a  d i f f e r e n t  

r o u te ,  to  g iv e  a d i f f e r e n t  p ro d u c t. A lthough t e n t a t i v e  s t r u c t u r e s  were 

a s s ig n e d  to  th e s e  p ro d u c ts ,  th e y  w ere su b se q u e n tly  p ro v ed  to  be 

in c o r r e c t  and w ere re a s s ig n e d  in  a  l a t e r  s tu d y .

A s e r i e s  o f  N -c h lo ro -1 ,4 -d ih y d ro - l ,  4 - im in o n a p h th a le n e s  was 

p re p a re d  v a ry in g  o n ly  in  th e  e l e c t r o n i c  c h a r a c te r  o f  th e  b e n z o -r in g . 

Ih e  h ig h  in v e rs io n  b a r r i e r s  o f  such  conpounds (c a .  95kJmol‘"^) a llo w ed  

h e t e r o l y t i c  rea rran g e m en ts  to  be s tu d ie d  under c o n d i t io n s  o f  slow  o r  

r a p id  i n v e r s i o n , ( f i g u r e  2 .3 ) .
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Below 0®C, th e  d ia s t e r e o is o n e r i c  ch lo roam ines  (20) d id  n o t 

in te r c o n v e r t  and fo llo w ed  d i f f e r e n t  r e a c t io n  pathw ays when t r e a t e d  w ith  

s i l v e r  s a l t s  in  m e th an o l. Ih e  a n t i - in v e r to m e r s  g e n e r a l ly  a f fo rd e d  

p ro d u c ts  v ia  p a r t i c i p a t i o n  o f  th e  a r y l  g roup  ( 2 1 b , 2 1 c )  w hereas th e  

sy n - in v e r tc m e rs  y ie ld e d  th e  am ines ( 2 2 a ,  2 2 b , 2 2 c )  v ia  p a r t i c i p a t i o n  o f 

th e  n - e l e c t r o n s  o f th e  e th e n o -b r id g e .
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The r a t e s  o f  r e a c t io n  o f th e  a n ti-N -c h lo ro a m in e s  w ere shown 

to  v a ry  a c c o rd in g  to  th e  a b i l i t y  o f  th e  s u b s t i tu e n ts  in  th e  b e n z o -r in g  

to  encourage b e n z o - p a r t ic ip a t io n .  V>/hen s i l v e r  ion  prom oted r e a c t io n s  

w ere fo llo w ed  by NMR sp e c tro sc o p y  in  CD3 OD a t  low te r rp e ra tu re s  (20c) 

was found t o  be c o n s id e ra b ly  more r e a c t iv e  th a n  (2 0 b ). In  f a c t ,  a n t i -  

( 2 0 c) d is a p p e a re d  much more r a p id ly  th an  th e  sy n - in v e r to m e r , showing 

th e  p ro found  e f f e c t  o f  th e  methoxy g roups in  en co u ra g in g  b en zo - 

p a r t i c i p a t i o n .  In  c o n t r a s t ,  a n t i -  (20a) was u n r e a c t iv e  a t  low 

te m p e ra tu re s  and no ( 2 1 a) was observed  under any c o n d i t io n s ,  ( 2 2 a) and 

th e  p a re n t  am ine b e ing  th e  s o le  p ro d u c ts .

The sy n - in v e r tc m e rs  o f  (20a) and (20b) w ere found to  be more 

r e a c t iv e  th a n  th e  a n t i - in v e r tc x n e r s .  T his was confirm ed  by s o lv o ly s i s  

ex p erim en ts  in  m ethanol a t  am bient te m p era tu re  (w ith o u t s i l v e r  s a l t )  

w hich le d  to  th e  fo rm a tie z  o f  ( 2 2 a )  and ( 2 2 b ) ,  w ith  no o b s e rv a b le  ( 2 1 ) .  

In  th e s e  r e a c t io n s ,  th e  a n t i - in v e r tc m e r  re a c te d  v ia  p r i o r  in v e rs io n  to

th e  sy n -fo rm . However, in  th e  ca se  o f  (2 0 c ) , th e  a r y l - p a r t i c i p â t  io n

ro u te  was c c m p e ti t iv e  even u nder c o n d itio n s  o f  r a p id  in v e r s io n ,  

a f fo rd in g  b o th  ( 2 1 c )  and ( 2 2 c ) .

’ 1 ,2 -M ig ra tio n  o f  a  n e ig h b o u rin g  carbon  d u rin g  s o lv o ly t i c  lo s s  o f 

a  n u c leo fu g e  from  carbon  has been s tu d ie d  in te n s e ly ,  t y p i c a l l y  in  th e  

n o rb o m y l sy stem . The co rresp o n d in g  r e a c t io n  in v o lv in g  lo s s  o f  a 

n u c leo fu g e  from  n i t ro g e n  and 1 , 2 -m ig ra tio n  to  n i t ro g e n  has been o b se rv ed  

in  th e  s i l v e r  io n - a s s i s t e d  m e th an o ly s is  o f b ic y c l ic  N -ch lo roam ines in  

w hich th e  s k e l e t a l l y  re a rra n g e d  carbénium  ion  i s  g e n e r a l ly  in te r c e p te d  

by m e th an o l. However, a  few ex an p les  e x i s t  in  which c h lo r in e  i s

r e ta in e d  in  th e  m a jo r p ro d u c t.  G a s s m a n ^ ^  f i r s t  n o te d  th e  l a r g e  

p ro p o r t io n  o f  i n t e r n a l  r e tu r n  o f  c h lo r in e  in  th e  re a rra n g e m e n ts  o f

2 - a z a b ic y c lo [ 2 .2 .1 ] h ep tan e  d e r iv a t iv e s ,  ( f ig u r e  2 .4 ) .
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Figure 2 4

T h is  ty p e  o f  r e a c t io n  may be viewed fo rm a lly  as  a  d y a tro p ic  

s h i f t ;  th e r e  i s  an  e f f e c t iv e  a -b o n d  p a r t i c i p a t i o n  in  th e  r e a c t io n  

to g e th e r  w ith  a  r e te n t io n  o f c h lo r in e  in  th e  p ro d u c t .

Such rea rran g e m en ts  have been found to  o ccu r more c le a n ly  and 

e f f i c i e n t l y  u s in g  ch rom atog raph ic  alum ina as  a  m ild  c a t a l y s t . 48 ih e  

r e a c t io n  o f  2 - c h lo ro -2 -a z a b ic y c lo [2 .2 .1 ]h e p t-5 -e n e  (7) w ith  s i l v e r  

n i t r a t e  and m ethanol i s  co rtp lex .^^  In  c o n t r a s t ,  t r e a tm e n t o f  (7 ) w ith  

a lum ina y ie ld e d  o n ly  th e  rea rran g em en t p ro d u c t ( 23 ) w ith  r e t e n t io n  o f  

c h lo r in e ,  ( f ig u r e  2 .5 ) .

( 7 )

Figure 2 5
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The o b s e rv a tio n  o f  m ig ra tio n  o f an sp^  carb o n  to  an in c ip ie n t  

e l e c t r o n - d e f i c i e n t  n i t ro g e n  i s  o f  i n t e r e s t  in  view  o f  a  r e p o r t  by 

S h ustov  e t  a l . o f  an u n u su a l l , 2 ^ i g r a t i o n  o f an a c y l  g roup  in  th e  

rea rran g e m en t o f  a  N - c h lo r o d ia z i r id in e . N -c h lo r in a t ic n  o f th e  b ic y c l i c  

d i a z i r i d i n e s  (2 4 a ,b )  was no ted  to  p roceed  w ith  th e  u nexpec ted  fo rm atio n  

o f  th e  rea rran g e m en t p ro d u c ts  (2 5 a ,b ) v ia  1 ,2 -a c y l  m ig ra t io n  to  an 

e l e c t r o n - d e f i c i e n t  n i t ro g e n  atom , ( f ig u r e  2 . 6 ) .

‘ BuOCI 
 ►

HN'H— RCN-^-^N 
I -30"C I I
COR COR Cl

(24) (25)
a; R = OMe
b; R=NHMe

Figure 2*6

1 ,2 -A cy l m ig ra tio n s  to  e l e c t r o n - d e f i c i e n t  ca rb o n  atom s a r e  

w e ll  docum ented and s e v e r a l  e x p e r i m e n t a l a n d  th e o r e t i c a l^ ^  p a p e rs  

have been p u b lish e d  on th e  s u b je c t .  Thus, th e  id e a  o f  an a c y l  g roup  

m ig ra tin g  to  an e l e c t r o n - d e f i c i e n t  n i t ro g e n  atom in  7 - a z a b ic y c lo [ 2 .2 .1 ] -  

h e p ta n e -d e r iv e d  system s was p ro p o sed . S i lv e r  io n - a s s i s t e d  s o lv o ly s i s  

o f  N -c h lo ro -1 , 2 , 3 , 4 - te t r a h y d r o - 2 - k e to - l , 4 -im in o n a p h th a le n e s  m igh t 

re a s o n a b ly  be e x p e c te d  to  in v o lv e  a c y l m ig ra tio n  and le a d  to  th e  

rea rra n g e m e n t p ro d u c t (2 6 ) , f o r  e x a itp le , (27) in  w hich th e

t e t r a f l u o r i n a t e d  r in g  would d isc o u ra g e  b e n z o - p a r t i c ip a t io n ,  ( f ig u r e  

2 .7 ) .
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T h is  would b e  i n t e r e s t i n g  i f  i t  o c c u rre d  and would p ro v id e  a  

t o t a l l y  n o v e l ro u te  t o  p - la c ta m  d e r iv a t iv e s .

Thus, th e  s y n th e s is  o f  d e r iv a t iv e s  o f  th e  N -c h lo ro -1 , 2 , 3 , 4 -  

t e t r a h y d r o - 2 - k e to - l ,4 - im in a ia p h th a le n e  system  was a t te n p te d .

2 . I I  SYNTHESES AND SPBCTROSOglC INVESTIGftTICMS

The D ie ls -A ld e r  c y c lo a d d it io n  o f  N - t r im e th y l s i ly l  p y r r o le  (28) 

and te tra f lu o ro b e n z y n e  (g e n e ra te d  by  th e  a c t io n  o f  n - b u ty l l i th iu m  cti 

p e n ta f lu o ro b e n z e n e  ) a f fo rd e d  5 , 6 ,7 , 8 - t e t r a f l u o r o - 1 , 4 - d ih y d r o - l , 4 - im in o 

n a p h th a le n e  ( 9a ) , ( f ig u r e  2 . 8 ) ,  th e  t r i m e t h y l s i l y l  p r o te c t in g  g ro u p  

b e in g  removed in  th e  aqueous w ork-up. I n i t i a l l y ,  p r o te c t io n  o f  th e  

n i t r o g e n  atom o f  th e  c y c lo a d d u c t was a c h ie v e d  u s in g  a  t r i f l u o r o a c e t y l  

g ro u p  b u t t h i s  p roved  to  b e  u n s a t i s f a c to r y  s in c e  i t  was r e a d i ly  c le a v e d  

d u r in g  th e  b a s ic  w ork-up o f  th e  su b seq u en t h y d ro b o ra tic n  r e a c t io n .  

However, r e a c t io n  o f  th e  p a re n t  amine (9a) w ith  sodium  h y d r id e  and 

m e th y l c h lo ro fo rm a te  a f fo rd e d  th e  p r o te c te d  am ine (29a) c l e a n ly  and  

e f f i c i e n t l y .  H y d ro x y la tio n  o f  th e  d o u b le  bend was a c c o n p lis h e d  b y  

h y lr d b o r a t io n ,  fo llo w ed  by  o x id a t io n  o f  th e  r e s u l t a n t  t r i a lk y I b o r a n e  

w ith  a l k a l in e  hydrogen  p e ro x id e . I n i t i a l l y ,  o x id a t io n  o f  th e  r e s u l t i n g  

a lc o h o l  (30a) p ro v ed  t o  be  d i f f i c u l t ,  a t t e n p t s  u s in g  p y r id in iu m
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c h lo ro c h ro m a te , N -brcm osuccinim ide^^ and chrom ic a c id  were 

u n s u c c e s s fu l .  A f u r th e r  method d e v ise d  by Brown^^ in v o lv in g  a  d i r e c t  

c o n v e rs io n  o f  o le f in s  to  k e to n es  v ia  o rg anoboranes was u t i l i s e d  b u t to  

no a v a i l .  However, a  Swem o x i d a t io n ,58 u s in g  d im e th y l su lp h o x id e  and 

t r i f l u o r o a c e t i c  anh y d rid e  a f fo rd e d  th e  re q u ire d  k e to n e  (31a) in  60% 

y i e l d .  Removal o f  th e  carbonethojQ^ p r o te c t in g  g roup  u s in g  t r im e th y l 

s i l y l  io d id e  and m e thano l59 y ie ld e d  5 , 6 , 7 , 8 - t e t r a f l u o r o - 1 , 2 , 3 , 4 - t e t r a -  

h y d r o - 2 - k e to - l ,  4 -im in o n ap h th a len e  ( 32a ) .

F

i)

F(MeaSDaNH
( N H j .s q , V

I
SiMe,

(28)

II) H ,0
4

( 9 a )

i) NaH

ii) CH.OCCl
 ̂ II 

0

NCOCH

HO

(3 0 a )

i) BH3-THF 

ii) HgO^aOH

1) DMSC.CCFgCOgO 

ii) NEtg

NCOCH

(29a)

NCOCH

0 4

(31a)

I) MeaSIl

ii) MeOH. NaOMe

NH

( 3 2 a )

Figure 2 8
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The amine (32a) was d is s o lv e d  in  d e u te ro c h lo ro fo m  a t  -5CPC and 

c h lo r in a te d  w ith  NCS to  y ie ld  s y n -  and a n ti-c h lo ro a m in e s  (3 3 a ) ,  ( f ig u r e  

2 .9 ) .

NH

0
(32a)

N
Cl

NCS 
F --------- ►'4 CDCL 0

Ratio at -50*C 
Ratio at 25®C

+

syn-(33a)

75
72

an ti- (3 3 a )

25
28

Figure 2 9

The r a t i o  o f  ch lo roam ines reco rd ed  a t  -5 0 %  w here in v e rs io n  i s  

n e g l ig ib le  r e f l e c t s  th e  r e l a t i v e  fav o u rin g  o f  th e  two p o s s ib le  modes o f 

ap p roach  o f  th e  c h lo r in a t in g  a g e n t t o  th e  am ine, i . e .  tdie k i n e t i c  

r a t i o .

High f i e l d  ^^C o f f - r e s o n a n c e  NMR confirm ed  th e  p re se n c e  o f two 

d i s t i n c t  in v e rto m e ric  s p e c ie s ,  ( f ig u re  2 . 1 0 ) .

Cls
N

(33a)

203 197 33 p pm

Figure 2-10
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The assignm en t o f  th e  in v e rtcm ers  u s in g  th e  d a ta  was

f a c i l i t a t e d  by th e  a p p l i c a t i o i  o f  th e  Y -e ffe c t o f c a r  ben s u b s t i t u t i o n . G O  

VVhen a  carbon  atcm  i s  e c l ip s e d  by a n o th e r  carbon a to n  in  th e  Y -p o s itio n , 

th e  NMR s h i f t  o f t h a t  carb o n  i s  a t  a  h ig h e r  f i e l d  th a n  th e  s h i f t  o f  

th e  same carbon  t r a n s -  t o  i t ,  ( f ig u r e  2 .1 1 ) .  T h is  i s  known as a  

c o n p re s s io n  s h i f t  induced  by e c l ip s in g  carbon  a to n s .

 ̂ 132 4  ppm 137 8 p p m

Figure 2*11

When t h i s  a n a ly s i s  was a p p lie d  to  th e  -CH2 ~ carbon  atom o f  th e  

e th a n o -b r id g e  in  (3 3 a ) , i t  was observed  th a t  th e  m inor in v e rto m e r gave 

r i s e  to  th e  f u r t h e s t  u p f ie ld  s h i f t .  T h is  im p lie s  t h a t  th e  m ino r 

in v e rtc m e r has th e  -CH2 -  e c l ip s e d  by th e  c h lo r in e  atom , i . e .  i t  i s  th e  

a n t i - in v e r t c m e r .

The k in e t i c  r a t i o  o f  in v e rto m ers  was d e te rm in ed  by d i r e c t  

in t e g r a t i o n  o f  th e  NMR sp ec tru m ; th e  r e s u l t  was 75% s y n :25% a n t i .  

When th e  s o lu t io n  o f N -ch loroam ines was warmed to  room te n p e r a tu r e ,  

in v e rs io n  was ra p id  and a  therm odynamic e q u il ib r iu m  o f  in v e rtc m e rs  was 

e s t a b l i s h e d ,  th e  r a t i o  b e in g  72% s y n :28% a n t i .  Ih e  k i n e t i c  and 

therm odynam ic r a t i o s  a r e  v e ry  s im i la r .  T h is  im p lie s  t h a t  e i t h e r  th e  

r a t i o s  a re  a lm o st c o in c id e n t  o r  th a t  th e  n it ro g e n  in v e rs io n  b a r r i e r  i s  

low and so  an e q u i l i b r a t e d  system  i s  b e in g  o b serv ed  ev en  a t  low 

te m p e ra tu re . However, e q u i l i b r a t i o n  i s  u n l ik e ly  due to  th e  o b s e rv a tio n  

o f  k i n e t i c  in v e rtc m e rs  in  a  cxm parable system  in  su b se q u en t s t u d i e s .
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A tte n p te d  s o lv o ly s is  o f  (33a) w ith  a  m e th a n o lic  s o lu t io n  o f 

s i l v e r  n i t r a t e  a f fo rd e d  o n ly  th e  d e c h lo r in a te d  amine (32a) w hich was 

p resum ab ly  form ed v ia  a  ho roo ly tic  p ro c e s s ,  ( f ig u r e  2 . 1 2 ) .

Cl
s

0
(33a)

Homolysis

AgNO,

MeOH

NH

(32a)

B a s ic  w ork-up

0

NH

F * Cl- HCl

Figure 2-12

T h is  mechanism presum ably  p ro cee d s  v ia  h em o ly tic  f i s s i o n  o f  th e  

N-Cl bond to  produce an am inyl r a d ic a l  and a  c h lo r in e  r a d i c a l .  T h is  is  

fo llo w ed  by th e  a b s t r a c t io n  o f  two hydrogen r a d ic a l s  from  a  s u i t a b l e  

s o u rc e ,  p ro b ab ly  th e  m ethanol s o lv e n t .

In  th e  p a s t ,  homo l y s i s  has c o n s i s t e n t ly  h in d e re d  a t t e n p t s  to  

h e te r o ly s e  N -ch lo roam ines. More r e c e n t ly  S c h e l lG l '6 2  e n c o u n te re d  

s im i l a r  d i f f i c u l t i e s  d u rin g  th e  s y n th e s is  o f  p y r r o l i z id in e  r in g  system s 

and overcam e th e  problem  t r e a t i n g  th e  N -ch loroam ines w ith  s i l v e r  

t e t r a f lu o r o b o r a t e  in  an a p r o t i c  medium. T h is  te c h n iq u e  was th e r e f o r e  

a p p l ie d  t o  N -chloroam ine (33a) b u t,  a g a in ,  th e  s o le  p ro d u c t was th e  

d e c h lo r in a te d  p a re n t  amine (3 2 a ) .
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The f a i l u r e  o f  h e t e r o ly t i c  c leav ag e  to  com pete w ith  hom olysis  

p re v e n te d  any in v e s t ig a t io n  o f  a c y l  m ig ra tio n .  H ence, a  more p re m is in g  

c a n d id a te  to  re a r ra n g e  m ight be N -c h lo ro -1 ,2 , 3 , 4 - t e t r a h y d r o - 2 - k e to - 5 , 8 -  

d im e th o x y -1 , 4 - d im e th y l - l , 4 -im in o n ap h th a len e  (3 4 c ) ,  ( f ig u r e  2 .1 3 ) .  The 

b e n z y lic  p o s i t i o n  o f (34c) i s  a c t iv a te d  by th e  b r id g e h e a d  m ethy l g roup  

w hich m igh t re a so n a b ly  be ex p ec ted  to  s t a b i l i s e  th e  i n c ip i e n t  carbén ium  

io n . However, s o lv o ly s i s  a t  rocm te n p e ra tu r e  would a lm o s t c e r t a i n l y  

le a d  t o  rea rran g e m en t e n t i r e l y  v ia  a r y l - p a r t i c i p a t i c o  due to  th e  h ig h  

r e a c t i v i t y  o f  th e  d im e th o x y -s u b s titu te d  b e n z o - r in g .  N e v e r th e le s s ,  

re a rra n g e m e n t v ia  t h i s  ro u te  would le a d  to  compounds such  a s  (35) w hich  

a r e  o f  i n t e r e s t  in  t h e i r  own r i g h t .

OMe
OMeOMe

OMe

MeOH

OMe

(34c) (35)

Figure 213

However, s o lv o ly s i s  a t  lew te n p e ra tu r e  would d e f in e  th e  c h lo r in e  

s te re o c h e m is t ry  and hence a llo w  an o p p o r tu n i ty  f o r  a c y l  m ig ra t io n .

An a t te m p t was made to  s y n th e s is e  (34c) v ia  a  D ie ls -A ld e r  c y c lo -  

a d d i t io n  o f  l - t r im e th y l s i l y l - 2 ,5 - d im e th y l  p y r r o le  (36) and 1 ,4 - d i -  

m ethoxybenzyne (g e n e ra te d  by th e  ac ticx i o f  n - b u ty l l i th iu m  on 1 ,4 - d i -  

m e th o x y -2 -ch lo ro b en zen e  ) to  y ie ld  1 ,4 -d ih y d ro -5 , 8 -d im e th o x y - l , 4 -im in o 

n a p h th a le n e  ( 3 7 c ) ,63 ( f ig u r e  2 .1 4 ) .  A carbom ethoxy am ine p r o te c t in g
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group  was em ployed due to  i t s  su ccess  in  th e  s y n th e s is  o f (3 3 a ) . 

H y d ro b o ra tio n  o f  (38c) a f fo rd e d  th e  a lc o h o l (3 9 c ) . However, a  Swem 

o x id a tio n S B  p ro ceed ed  in  v e ry  poor y ie ld  (7%) and so  an  a l t e r n a t i v e  

o x id i s in g  a g e n t was so u g h t. T h is was a c c o n p lish e d  u s in g  chromium 

t r i o x id e  and p y r id in e ^ ^  to  g iv e  (4 0 c ) , th e  r e a c t io n  p ro c e e d in g  c le a n ly  

and f a i r l y  e f f i c i e n t l y .  D e p ro te c tio n  u s in g  th e  p r e v io u s ly  em ployed 

m ethod, i . e .  t r i m e t h y l s i l y l  io d id e  and m e th an o l, ̂ 9 p ro v ed  to  be 

im p o ss ib le . D e sp ite  c a r e f u l  m o n ito rin g  by NMR and IR sp e c tro s c o p y , no 

c le a n  d e p r o te c t io n  cou ld  be induced n o r th e  r e a c t io n  pathw ay 

u n d e rs to o d . D e p ro te c tio n  u s in g  e th a n o l ic  p o ta ss iu m  h y d ro x id e  was a l s o  

a t t e n p te d  b u t d id  n o t y ie ld  th e  d e s ir e d  p ro d u c t (4 1 c ) .
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Thus, th e  s y n th e s is  o f a  oonp arab le  oorpound, N -c h lo ro -1 ,2 ,3 ,4 -  

t e t r a h y d r o - 2 - k e t o - l , 4 -d im e th y l - l , 4 -im in o n ap h th a len e  ( 34b) ,  was u n d e r

ta k e n . Once a g a in  th e  b e n z y lic  p o s i t io n  i s  a c t iv a te d  by th e  b rid g eh ead  

m ethy l group  in  o rd e r  to  encourage a c y l m ig ra t io n .  However, t h i s  

ccfrpound has  one ad v an tag e  o v er (34c) in  t h a t  th e  an ti-N -c h lo ro a m in e  

would be l e s s  r e a c t iv e  v ia  b e n z o - p a r t ic ip a t io n .

The s y n th e s is  o f (37b) was acccxnplished v ia  a  D ie ls -A ld e r  c y c lo -  

a d d i t io n  o f  l - t r im e th y ls i l y l - 2 ,5 - d im e th y l  p y r ro le  (36) and benzyne 

(g e n e ra te d  by th e  a c t io n  o f  n -4 )u ty llith iu m  on 2 -b rom ofluo robenzene  ) ,  ̂ ^ 

( f ig u r e  2 .1 4 ) .  Amine p r o te c t io n  to  g iv e  (3 8 b ) , fo llo w ed  by hyd ro 

b o ra t  io n  a f fo rd e d  th e  re q u ire d  a lc o h o l (3 9 b ), and , u n e x p e c te d ly ,

1 ,4 -d im e th y ln a p h th a le n e  (4 2 ) . A p o s s ib le  mechanism f o r  th e  form aticx i o f  

(42) may in v o lv e  a t t a c k  o f th e  in te rm e d ia te  t r i a lk y I b o r a n e  (43) by 

hy d ro x id e  io n s  d u rin g  th e  b a s ic  w ork-up, r e s u l t i n g  in  su b se g re n t r in g  

open ing  o f  th e  b ic y c l ic  system  to  produce (44) and u l t im a te  e l im in a t io n  

o f  th e  ca rb a m ate , ( f ig u r e  2 .1 5 ) .

NCOCH.

r , b < 7

©
(43)

0 
II 

NHCOCH,

(44) 

Figure 2 15

(42 )

T rea tm en t o f  th e  a l c d io l  (39b) w ith  chromium t r i o x id e  and 

p y r id in e  y ie ld e d  th e  d e s ir e d  ke tone  (4 0 b ). However, as w ith  (4 0 c ) ,  th e  

amine p r o te c t in g  g roup  cou ld  n o t be c le a v e d . Thus, an a l t e r n a t i v e
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p r o te c t in g  group  was so u g h t. The sy n th e se s  o f t-b u ty lo x y  c a r  bony 1  ̂  ̂  and 

carbobenzoxy^^ p ro te c te d  am ines were acco m p lish ed , th e  l a t t e r  p r o te c t in g  

g roup  b e in g  s e le c te d  f o r  f u r th e r  work. U n fo r tu n a te ly ,  a f t e r  

h y d ro b o ra tio n , o x id a tio n  p roved  u n p ro d u c tiv e .

T hus, th e  p re se n c e  o f th e  b rid g eh ead  m ethy l g roups s p e a r e d  to  

c o m p lic a te  m a tte r s  c o n s id e ra b ly . C onsequen tly  N -c h lo ro -1 , 2 , 3 , 4 - t e t r a -  

h y d r o - 2 - k e to - l ,4 -im in o n ap h th a len e  (33b) was s y n th e s is e d ,  ( f ig u r e  2 .1 6 ) .

Cl
s
N

0

Figure 216

(33b)

The D ie ls -A ld e r  c y c lo a d d it io n  o f N - t r im e th y ls i ly l  p y r r o le  (28) 

and benzyne a f fo rd e d  1 , 4 - d ih y d r o - l , 4 -im in o n ap h th a len e  (9b),"^^ ( f ig u r e  

2 .1 7 ) .  R eac tio n  o f (9b) w ith  sodium h y d rid e  and b en zy l c h lo ro fo rn a te  

gave th e  p r o te c te d  am ine (45) as  i t s  s o le  p ro d u c t .  H ydrobo ra t io n  to  

g iv e  th e  a lc o h o l (46) and su b sequen t o x id a tio n  u s in g  chrcmium t r i o x id e  

and p y r i d i n e y i e l d e d  th e  k e to n e  (4 7 ) . The amine p r o te c t in g  g roup  was 

removed c le a n ly  and e f f i c i e n t l y  to  a f fo rd  (32b) u s in g  th e  m ethodology 

p re v io u s ly  d e v ise d  by B erg er e t  a l . ^ ^ , i . e .  t r e a tm e n t w ith  hydrogen  

brom ide in  g l a c i a l  a c e t i c  a c id .
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NH

0
(32b)

The amine (32b) was d is s o lv e d  in  d e u te ro c h lo ro fo n n , c h lo r in a te d  

w ith  NCS a t  - 5 0 ^ ,  and t r a n s f e r r e d  q u ic k ly  to  th e  p ro b e  o f  an  NMR 

sp e c tro m e te r  a t  th e  same te m p e ra tu re . The k i n e t i c  in v e rtc m e r r a t i o  was 

d e te rm in ed  by d i r e c t  i n t e g r a t i m  o f  th e  %  NMR sp ec tru m . The s o lu t io n  

o f  N -chloroam ine (33b) was warmed to  am bient te m p e ra tu re  a llo w in g  th e  

in v e rto m ers  t o  e q u i l i b r a t e  and su b se q u e n tly  d e te rm in in g  th e  therm o

dynamic r a t i o ,  ( f ig u r e  2 .1 8 ) .
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NH

0

(32b)

NCS
CDCI3

syn -(33b)

N

anti - 0 3 b )

Ratio at-50®C 9
Ratio at 25®C 39

91
61

Figure 2 1 8

C o rp a riso n  o f  th e  k in e t ic  in v e rtcm e r r a t i o s  o f  ( 3 3 a ,b ) w ith  th e  

co rre sp o n d in g  1 , 2 ,3 , 4 - t e t r a h y d r o - l , 4 - im in o n ap h th a len e  sy stem s ( 4 8 a , b ) ,  

( t a b le  2 . 5 ) shows t h a t  th e re  i s  a  d e c re a se d  tendency  f o r  a n t i - a t t a c k  in  

th e  keto-com pounds.

T ab le 2 .5

(33)

(48)

Compound
Cl

0

Cl

N

a; X=F 
b; X = H

a; X=F  
b: X=H

Invertcmer Ratios 
kinetic thermodynamic

syn : anti

75
9

25
91

20 : 81 
6 : 94

syn : anti

72 : 28 
39 : 61

80 : 20 
53 : 47
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The t r e n d  i s  unexpected  on s t e r i c  grounds b u t may be due to  a 

r e p u ls iv e  i n t e r a c t io n  betw een th e  p o s i t i v e  end o f  th e  c a rb o n y l d ip o le  

and th e  inccaning e l e c t r o p h i l i c  c h lo r in e ,  ( f ig u r e  2 .1 9 ) .

N

6+6 -

0

Figure 2 19

The r a t i o s  o f  in v e rto m ers  o f  N -ch loroam ines (3 3 a ,b )  v a ry  

s u b s t a n t i a l l y  depending  on th e  p a t t e r n  o f s u b s t i t u t i o n  in  th e  benzeno id  

r in g ,  ( t a b l e  2 .5 ) .  In  view  o f  th e  m inim al s t e r i c  d i f f e r e n c e s  betw een 

(33a) and (3 3 b ) , th e  v a r i a t io n  in  k in e t i c  s t e r e o s e l e c t i v i t y  m ust be a 

r e s u l t  o f  e l e c t r o n i c  c o n t ro l .  There i s  a  r e l a t i v e  fa v o u rin g  o f  th e  syn 

approach  to  n it ro g e n  a s  th e  a ro m a tic  r in g  becomes l e s s  e l e c t r o n  r i c h .  

T h is  ccxtpares w e ll w ith  s im i la r  r e s u l t s  o b ta in e d  from  a  s e r i e s  

o f  1 ,4 - d ih y d r o - l , 4 -im in o n ap h th a len e  d e r iv a t iv e s .^ ^  T h is  may be 

r a t i o n a l i s e d  by c o n s id e r in g  a  t r a n s i t i o n  s t a t e  in  v h ic h  th e r e  i s  an 

i n t e r a c t io n  betw een th e  d ev e lo p in g  n e g a tiv e  ch arg e  on th e  t r a i l i n g  im ide 

n it ro g e n  and th e  a ro m a tic  r in g  v4iich would be e x p ec ted  to  e x e r t  a 

g r e a t e r  s t a b i l i s i n g  in f lu e n c e  as  th e  e le c t r o n  d e n s i ty  above th e  r in g  i s  

reduced  by e l e c t r o n  w ithd raw al by f lu o r in e .

Such o b s e rv a tio n s  a re  n o t co n fin ed  to  n it ro g e n  c h e m is try .  A 

p a r a l l e l  i s  p ro v id ed  by P a q u e tte  e t  a l .  in  h i s  r e p o r t  o f s t e r e o s e l e c t i v e  

a d d i t io n s  t o  7 - iso p ro p y lid en en o rb o rn en e  d e r iv a t iv e s  (4 9 ) ,^ ^  ( t a b l e  2 .6 ) .
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Substrate  (49)

X = OMe, Y = H 
X = Y = H 
X = Y = Cl 
X =Y = F

NBS >-

X

%  s y n - product 

14 
19 
55 
58

+

X

%  a n t i -p ro d u c t  

86 
81 
45 
42

The therm odynam ic r a t i o s  o f  N -ch loroam ines (33) and (4 8 ) ,  ( t a b le  

2 .5 ) show a  c l e a r  p re fe re n c e  fo r  th e  s y n -in v e rto m e r as  th e  benzeno id  

r in g  becomes more e l e c t r c n  d e f i c i e n t .  T h is  p re fe re n c e  i s  c o n s i s te n t  

w ith  t h a t  ej^>ected o f th e  n e g a tiv e  end o f a  N-Cl d ip o le .

A tte n p te d  s o lv o ly s e s  em ploying a  v a r i e ty  o f  c o n d i t io n s  a l l  

f a i l e d  to  i n i t i a t e  a c y l m ig ra tio n . No p ro d u c ts  frcm  a r y l  p a r t i c i p a t i o n  

in  th e  h e t e r o ly s i s  o f  th e  a n ti-c h lo ro a m in e  were o b se rv ed  e i t h e r .  The 

s o le  p ro d u c t in  each  ca se  was th e  d e c h lo r in a te d  am ine.

To v e r i f y  t h a t  th e s e  s o lv o ly t ic  c o n d i t io n s  can  fa v o u r  

h e t e r o l y s i s ,  a  rea rran g em en t r e a c t io n  was c a r r i e d  o u t cn N -c h lo ro -

1 , 2 , 3 , 4 - t e t r a h y d r o - l , 4 -im in o n ap h th a len e  ( 48b) .  P re v io u s  e x p e rim e n ts  in  

th e s e  l a b o r a to r i e s  showed th a t  tre a tm e n t w ith  s i l v e r  n i t r a t e  in  m ethanol 

a f fo rd e d  th e  p a r e n t  am ine o n ly , th e  low r e a c t i v i t y  o f  th e  b e n z o -r in g  

a llo w in g  th e  b a la n c e  o f r e a c t i v i t y  to  s h i f t  in  fa v o u r  o f  h e m o ly s is . 

However, in  th e  p r e s e n t  w ork, tre a tm e n t o f  a  6 % s y n :94% a n t i  r a t i o  o f  

(48b) (p re p a re d  by c h lo r in a t io n  w ith  NCS in  d ic h lo rcm e th an e  a t  -50°C )
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w ith  s i l v e r  t e t r a f lu o r o b o r a t e  and to lu e n e  in  th e  p re sen ce  o f  one m olar 

e q u iv a le n t  o f  m ethano l a t  -50^C [w ithou t a llo w in g  th e rm al e q u i l i b r a t i o n  

o f  (48b)] gave r i s e  to  th e  rearrangem en t p ro d u c t (50) in  81% is o la t e d  

y i e ld  and w ith  no s i g n i f i c a n t  i n t r u s icxi from  th e  h em o ly s is  r e a c t io n ,  

( f ig u r e  2 . 2 0 ) .

AgBI;

(48b)

Toluene 
1 mol. eq. of MeOH 

-50®C

Figure 2 20

I t  seems t h a t  hom olysis i s  fav o u red  o v e r  h e t e r o ly s i s  in  th e  

keto-com pounds (3 3 a ,b ) c o n tra ry  to  r e s u l t s  in  e th e n o -  and  e th a n o -  

b r id g e d  sy s te m s . T h is  cou ld  p o s s ib ly  be due to  a  s t a b i l i s i n g

i n t e r a c t io n  betw een th e  n i t ro g e n  lone p a i r  o f  e le c t r o n s  and th e  ca rb o n y l 

oxygen . Such in t e r a c t io n s  have been o b serv ed  in  o th e r  a z a b ic y c le s  

b e a r in g  a  ke to n e  f u n c t i o n a l i ty  by helium  ( I )  p h o to e le c t ro n  s p e c tro 

sco p y . Thus, in  th e  system s ( 3 3 a ,b ) , th e re  was no o p p o r tu n i ty  to

a s c e r t a i n  v h e th e r  o r  n o t a c y l m ig ra tio n  was a b le  to  o c c u r .

A t t h i s  p o in t ,  Shustov  e t  a l .  p u b lish e d  a  c o r r e c t io n  to  t h e i r  

p re v io u s  p a p e r . O n  f u r th e r  in v e s t ig a t io n ,  th e y  found th a t  th e  

o r i g i n a l l y  p ro p o sed  1 , 2 - a c y l  s h i f t  to  th e  e l e c t r o n  d e f i c i e n t  n i t ro g e n  o f 

th e  N - c h lo ro d ia z i r id in e s  (5 1 a ,b ) to  y ie ld  (2 5 a ,b )  d id  n o t ,  in  f a c t ,  

o c c u r .  They were sim p ly  o b se rv in g  slow  n it ro g e n  in v e rs io n  o f  th e  en d o - 

ch lo roam ine  to  th e  ex o -ch lo ro am in e , ( f ig u re  2 . 2 1 ) .
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°  COR COR

(25) enclo-(SI) exo -  (51 )
a; K = üMe
b; Rr NHMe

Figure 2 21

Summary

The N -ch lo roam ines (3 3 a ,b ) were s u c c e s s f u l ly  s y n th e s is e d  and 

t h e i r  k i n e t i c  and therm odynam ic in v e r ta n e r  r a t i o s  were d e te rm in e d . The 

am ines ( 3 2 a ,b ) d em o n stra ted  a r e l a t i v e  fav o u rin g  o f sy n -ap p ro ach  of NCS 

tow ards n i t ro g e n  a s  th e  a ro m a tic  r in g  became l e s s  e l e c t r o n  r i c h ,  t h i s  

be in g  c o n s i s te n t  w ith  p re v io u s  r e s u l t s . A l s o ,  compared to  analogous 

e th a n o -b r id g e d  system s (4 8 a ,b ) ,  th e  keto-ccm pounds were found to  e x h i b i t  

a d e c re a se d  tendency  f o r  a n t i - a t t a c k  su g g e s tin g  a  r e p u ls iv e  in t e r a c t io n  

betw een th e  p o s i t i v e  end o f  th e  ca rb o n y l d ip o le  and th e  incom ing 

e l e c t r o p h i l i c  c h lo r in e .  U n fo r tu n a te ly , d e s p i te  r e a c t io n  under 

fa v o u ra b le  s o lv o ly t i c  c o n d i t io n s ,  i t  appeared  t h a t  h em o ly s is  o f  th e  

N -ch loroam ines was fav o u red  o v e r h e t e r o l y s i s ,  th u s  a llo w in g  no 

o p p o r tu n i t ie s  to  o b se rv e  a c y l m ig ra tio n .



Chapter 3

The Synthesis and Study of Some 1,4-Dihydro- and
1,2,3,4-Tetrahydro-9-chloro-l-methyl-l,4- 

iminonaphthalene Derivatives and their 
Rearrangement Reactions
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3 . I . INTRCJDÜCTION

The s i l v e r  ion  prom oted m e th an o ly s is  o f N -c h lo ro -1 , 2 , 3 , 4 - t e t r a 

h y d r o - l , 4 -im in o n ap h th a len e  d e r iv a t iv e s  (4 8 b ,c )  has been shown to  le a d  to  

rea rran g e m en t e n t i r e l y  v ia  th e  a n t i - C l  in v e rtcm e r to  y i e ld  th e  benz- 

a z e t id in e  d e r iv a t iv e s  (5 0 b ,c ) ,^ ^  ( f ig u r e  3 .1 ) .

an h -(4 8 )

11

X
s y n - (48)

OMe

AgBÇ

MeOH( 1 mol.equiv.) 
Toluene

(50)

b; X = H 
c; X = OMe

Figure 3*1

However, rep lacem en t o f  hydrogen by m ethyl a t  th e  1 ,4 - p o s i t io n s  

s u b s t a n t i a l l y  m o d ified  th e  s i l v e r  io n -c a ta ly s e d  s o lv o ly t i c  b e h a v io u r  o f 

th e  s y s t e m . R e a c t i o n  o f  th e  N -chloroam ines (5 2 b ,c )  w ith  s i l v e r  t e t r a -  

f lu o ro b o ra te  and one m olar e q u iv a le n t o f m ethanol in  to lu e n e  le a d  to  a 

p r e c i p i t a t e  o f  an im inium s a l t  (53) which an t r e a tm e n t w ith  sodium  

b o ro h y d rid e  in  m ethanol gave th e  te tra h y d ro b e n z a z e p in e  d e r iv a t iv e  (54 ) ,  

( f ig u r e  3 . 2 ) .
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Cl
\

N

anti-(52 )

11
N

Cl

X

s y n - (52)

AgBI;

MeOH (1 mol.equiv.) 
Toluene

b: X = H 
c ; X = OMe

Figure 3 2

Me

OMe
Me
(53)

NaBH, 
MeOH

Me

OMe
Me

(54)

A l te r n a t iv e ly ,  on s ta n d in g  in  CD2 C I2 , th e  im inium  s a l t  (53) 

underw ent rea rran g e m en t w ith  lo s s  o f m e th an o l. The l i b e r a t i o n  o f 

m ethano l œ in c id e d  w ith  th e  appea rance  o f  u p f ie ld  s ig n a l s  in  th e  %  NMR 

sp ec tru m  a t  60.74 in d ic a t in g  th e  p resen ce  o f th e  c y c lo p ro p y l r in g  (55) ,  

( f ig u r e  3 . 3 ) .  R ed u c tio n  o f  (55)  w ith  sodium  b o ro h y d rid e  in  m ethano l 

a f fo rd e d  th e  amine ( 56 ) .
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Me

OMe

153)

b;X = H 

c; X = OMe

CDgClg 
-MeOH

Figure 3*3

Me

(55)

NaBH4 
MeOH

(56)

T hus, th e  b rid g eh e ad  m ethyl groups have been shown to  a l t e r  th e  

b a lan ce  o f  r e a c t i v i t y  s u b s t a n t i a l l y ,  le a d in g  to  th e  7 - r in g  im inium  s a l t  

(53) r a t h e r  th a n  th e  iso m e ric  s a l t  o f th e  more h ig h ly  s t r a in e d  amine 

(5 7 ) , ( f ig u r e  3 .4 ) .

Cls
N

(52)

Ag
-X -

MeOH

b ; X = H 

c : X = OMe

(57)

Figure 3-4
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The r e a c t i v i t y  o f  th e  co rresp o n d in g  e th e n o -b r id g e d  N -c h lo ro 

am ines d iv e rg e  s i m i l a r l y , B e l o w  0°C, th e  N -ch lo roam ines (2 0 b ,c )  

d id  n o t in te r c o n v e r t  and fo llo w ed  d i f f e r e n t  r e a c t io n  pathw ays Wien 

t r e a t e d  w ith  s i l v e r  s a l t s  in  m e th an o l, ( f ig u r e  3 .5 ) .  For e x a n p le ,  th e  

6 , 7 -b e n z o - l - a z a b ic y c lo  [3 .2 .0 ]  h e p t-3 -e n e  system  (21c) r e s u l t e d  frcm  a n t i -  

(20c) v ia  p a r t i c i p a t i o n  o f  th e  a r y l  r in g .  The s y n - in v e r tc m e r  (20c) 

a f fo rd e d  th e  am ine ( 2 2 c ) ,  t h i s  compound p resum ably  b e in g  form ed by 

p a r t i c i p a t i o n  o f  th e  n - e le c t r o n s  o f th e  e th e n o -b r id g e .

.C l
N

syn -  ( 20  )

OMe
OMe

( 22 )

I
Cl

AgNOg

MeOH
0°C

X

OMe

21 )a n t i - ( 2 0 )  

b; X=H
c; x = OMe Figure 3-5

The c o rre sp o n d in g  N -chloroam ines w ith  m ethy l g roups a t  th e  

b rid g e h e a d  p o s i t i o n s  (5 8 b ,c )  were t r e a t e d  u n d er s im i la r  r e a c t io n  

c o n d i t io n s ,  ( f ig u r e  3 .6 ) .  P a r t i c ip a t io n  o f  th e  n - e le c t r o n s  o f  th e  

e th e n o -b r id g e  y ie ld e d  th e  am ines ( 5 9 b ,c ) . However, in  each  c a se  a 

4-m e th y Iq u in c lin e  sy stem  (6 0 b ,c )  was u n e x p ec ted ly  p roduced  and in  good 

y i e l d .
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Cl
s
N

(58)

OMe
OMe

b; X = H
c ; X s  OMe (59) 

Figure 3 6

(60)

These u n u su a l rea rran g em en ts  r e s u l t i n g  in  th e  fo rm a t ie z  o f

4 -m e th y lq u in o lin e s  w ere th o u g h t w orthy o f f u r t h e r  in v e s t i g a t io n .  S tudy

o f  th e  s o lv o ly t i c  b eh av io u r o f  analogous N -ch loroam ines c o n ta in in g  j u s t  

one m e th y l group  a t  th e  b rid g eh ead  p o s i t i o n  may go some way to

e x p la in in g  th e se  e x t r a o rd in a ry  r e a c t io n s . T hus, th e  N -ch lo ro

d e r iv a t iv e s  o f  am ines (61) and (62) w ere s y n th e s is e d  and t h e i r  

s o lv o ly t i c  b eh av io u r in v e s t ig a te d ,  ( f ig u re  3 . 7 ) .

a; X = Y = F 
b; X = V = H 
c; X = OMe, V=H

unsaturated
saturated

(61)
(62)

Figure 3*7

These N -ch loroam ines a l s o  a llo w  in t r o d u c t io n  o f  th e  id e a  o f 

in v e s t ig a t in g  a  'n o n -sy irm e tr ic a l * system  so  as  to  exam ine th e  r e g io -  

s e l e c t i v i t y  o f t h e i r  s o lv o ly t ic  b eh av io u r.
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3 .  I I .  SYNTHESIS AND SPECTROSœPIC INVESTIGATIONS

T rea tm en t o f  p y r r o le  w ith  d im eth y l formamide and phosphorus 

o )^ c h lo r id e  y ie ld e d  p y r r o l e - 2 -ca rb o x a ld eh y d e  (63)^^  w hich was 

s u b se q u e n tly  red u ced  w ith  l i th iu m  alum inium  h y d rid e  to  g iv e  2 -m eth y l 

p y r r o le  ( 6 4 ) , ^ ^  ( f ig u r e  3 . 8 ) .  R eac tio n  o f  (64) w ith  p o ta ss iu m  and 

t r im e th y ls  i  ly  1 c h lo r id e  gave N - tr  im e th y ls  i  ly  1 -2 -m eth y l p y r r o le  (65 ) .  

The D ie ls -A ld e r  c y c lo a d d i t io n s  o f  t h i s  p y r ro le  d e r iv a t iv e  w ith  th e

O
i) POCI3 

Mê NCHO

N
H

ii) CHgCOgNa SHzO

NH

(XCHO

(6 2 )

N 
H

(63)

LiAlH^

(61)

i)

Y •') Ĥ O

•Me
H 

(64)

i) K
ii) MegSiCl

M
N 
I
SIMe,

(6 5 )

Me

a; X = Y=F 
b: X = Y = H
c;X=OMe. Y = H Figure 3 8

a p p r o p r ia te ly  s u b s t i t u t e d  benzynes (p rep a red  by th e  a c t io n  o f  n - b u ty l -  

l i th iu m  on p e n ta f lu o ro b e n z e n e , 2 -b rcm ofluo robenzene  o r  1 , 4 -d im eth o x y - 

2 -ch lo ro b e n zen e  r e s p e c t iv e ly )  a f fo rd e d  th e  l ,4 - d ih y d r o - l - m e th y l - l ,4 -  

ira in o n ap h th a len e  system  (61) d i r e c t l y ;  th e  t r i m e t h y l s i l y l  g roup  was 

removed in  th e  aqueous w ork-up . These am ines were r e a d i ly  co n v e rte d  to  

t h e i r  2 ,3 -d ih y d ro -  d e r iv a t iv e s  (62) by c a t a l y t i c  h y d ro g e n a tio n .
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Each o f  tJne am ines (6 1 a -c ) and (6 2 a -c )  w ere d is s o lv e d  in  

d e u te ro c h lo ro fo m  a t  low te m p e ra tu re  and c h lo r in a te d  w th NCS. The 

r a t i o s  re c o rd e d  a t  -5(PC [a t  v ^ ic h  te n p e r a tu r e  th e  p ro d u c t N -c h lo ro 

am ines ( 6 6 a - c )  and (6 7 a -c ) cou ld  n o t in t e r c o n v e r t ;  c o n d i t io n s  o f  k in e t i c  

c o n t ro l ]  w ere found to  be s ta b le  to  (PC. When th e  s o lu t io n s  w ere warmed 

t o  ro a n  te n p e r a tu r e ,  in v e rs io n  became r a p id  and a  therm odynam ic 

e q u i l ib r iu m  was e s ta b l i s h e d ,  ( f ig u re  3 . 9 ) .

Cl

X Y
unsaturated; (61) 
saturated; (62)

a; X = Y = F 
b X=Y=H 
c XrOMe. Y = H

NCS

s y n -  (66)  

syn - ( 67)

+

anti -  ( 66)
a n t i - (  67)

Kinetic ratio

warm to
ambient
temperature

Thermodynamic ratio

Figure 3-9

Ih e  k in e t i c  and therm odynam ic in v e rtc m e r r a t i o s  w ere d e te rm in e d  

f o r  two re a s o n s .  F i r s t l y ,  a s  a  b a s is  f o r  su b se q u en t he t e  r o ly  t i c  

r e a c t io n s ,  and seco n d ly  f o r  o o tp a r is o n  w ith  r a t i o s  from  e a r l i e r  

s t u d i e s .

Com parison o f  th e s e  r e s u l t s  w ith  th o se  o f th e  c o rre sp o n d in g  

sy stem s w ith  hydrogen atom s (20 ,  48)^"^ o r  m ethy l g ro u p s  (58 ,  52 )^^  a t  

th e  b r id g eh e ad  p o s i t io n s  shows t h a t  th e s e  r a t i o s  f a l l  w ith in  th e  range 

o f  th e  tw o, a s  a n t i c ip a t e d ,  ( ta b le  3 . 1 ) .
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COMPOUND

Cls

INVERTOMER RATIOS

F

(20a) R=R^= H
(6 6 a) R =Me, R  ̂= H

K in e t ic  
syn  : a n t i

6 8  : 32
69 : 31

Them odynartdc 
syn  : a n t i

84 : 16 
91 : 9

Cl
S

(20b) R=R^= H
(6 6 b) R =Ms, R^= H 
(58b) R = R ^= M e

28 : 72 
31 ; 69 
33 : 67

60 : 40 
65 : 35 
72 : 28

Cl
5

OMe

ÜMe

(20c) R =R^= H
(6 6 c) R =Me, R  ̂= H
(58c) R = R  ̂= Me

34 : 6 6  

32 ; 6 8  

29 : 71

67 : 33 
71 : 29 
80 : 2 0

Cl
S
N

Cl

Cl

OMe

OMe

(48a) R =R^= H

(48b) R =R^= H
(67b) R =Ms, R^= H
(52b) R =R^= Me

(48c) R=R^ = H 
(67c) R =Me, R  ̂ = H 
(52c) R=R^ = M9

2 0  : 80
(67a) R =Me, R^= H 22 : 78

6  : 94 
5 : 95 
5 : 95

5 : 95 
14 : 8 6  

21 : 79

80 : 2 0  

69 : 31

53 : 47 
53 ; 47 
52 : 48

54 : 46 
62 : 38 
71 : 29

TABLE 3 .1
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E xam ination  o f  th e  tr e n d s  observ ed  in  t a b le  3 .1  shows th a t  

a t t a c k  o f  NCS on th e  am ines w ith  u n s u b s t i tu te d  and d im eth o x y - 

s u b s t i t u t e d  a r y l  r in g s  o ccu rs  p re d a n in a n tly  from  th e  a n t i - d i r e c t  io n . 

However, th e r e  i s  an in c re a s in g  tendency  to  approach  n i t r o g e n  from  o v e r 

th e  benzeno id  r in g  a s  th e  s u b s t i tu e n ts  in  th e  r in g  become more e le c t r o n  

w ith d raw in g . T h is  can  be r a t i o n a l i s e d  by c o n s id e r in g  th e  t r a n s i t i o n  

s t a t e  d is c u s s e d  in  C h ap te r  2, i . e .  an  i n t e r a c t io n  betw een th e  d ev e lo p in g  

n e g a t iv e  ch a rg e  on th e  t r a i l i n g  im ide n it ro g e n  and th e  a ro m a tic  r i n g .^4  

T h is  would be e x p ec ted  to  e x e r t  a  g r e a te r  s t a b i l i s i n g  in f lu e n c e  as th e  

e l e c t r o n  d e n s i ty  o v e r  th e  a r y l  r in g  i s  reduced  by e l e c t r o n  w ith d raw a l by 

th e  f lu o r in e  s u b s t i t u e n t s ,  ( f ig u r e  3 .1 0 ) .

0

- C l - N

Figure 3*10

The d e c re a se d  tendency  f o r  a n t i - a t t a c k  in  th e  e th e n o -b r id g e d  

compounds compared t o  th e  e th a n o -b rid g e d  s e r i e s  i s  u n ex p ec ted  on s t e r i c  

g rounds b u t may be due to  a  re p u ls iv e  seco n d ary  o r b i t a l  i n t e r a c t io n  

betw een th e  n-bond and th e  incoming c h lo r in e .

However, i t  i s  d i f f i c u l t  to  u n d e rs ta n d  th e  r e l a t i v e l y  s u b t le  

e f f e c t s  w hich r e s u l t  from  th e  rep lacem en t o f  one o r  two b rid g e h e a d  

p ro to n s  w ith  a  m ethy l g roup in  th e se  sy stem s.
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In  each  o f  th e  u n s a tu ra te d  N -ch loroam ines ( 6 6 a -c  ) ,  th e  NMR 

showed t h a t  th e  b r id g eh e ad  p ro to n  e x h ib i te d  a l l y l i c  co u p lin g  in  th e  

sy n - in v e r tc m e r  b u t n o t in  th e  a n t i - ,  su g g e s tin g  a  d i s t o r t i o n  o f  th e  

m o lecu le  depending  on th e  o r i e n t a t i o n  o f  th e  c h l o r i n e . Such d i s t o r t i o n s  

have been observ ed  in  s im i la r  system s by X -ray  a n a ly s is ^  (s e e  C h a p te r  4) 

w here s t a b i l i s i n g  in t e r a c t io n s  betw een th e  N-Cl bond and th e  a n t i -  

p e r ip l a n a r  C-C bonds were p rc p o se d .

I n t e r e s t i n g l y ,  th e  h ig h  f i e l d  %  NMR s p e c t r a  o f  th e  am ines 

(6 1 a ) ,  (62a) and t h e i r  co rre sp o n d in g  N -ch lo roam ines ( 6 6 a ) and (67a)

e x h ib i te d  long  ra n g e  % -^^F  s p in - s p in  c o u p lin g . The r e s u l t s  a r e  

sum m arised in  t a b le  3 . 2 .

Table 3.2. Coupling Ccxistants (Hz)

(6 1 a ) 0 9

*^H-F 

2 0

(62a)

NH

11 2 1

(66a)

Cl
S

syn

anti

0-8

1 2

1 8

1 7

(67a)

Cl
S
N

syn 

*4 anti

1 -3

1-3

2 0

1 5
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The N -ch lo roam ines ( 6 6 a) and (67a) w ere found to  e x h ib i t  

d i f f e r e n t  c o u p lin g  c o n s ta n ts  depending  cn th e  o r i e n t a t i o n  o f  th e

c h lo r in e ,  a g a in  s u g g e s tin g  d i s t o r t i o n  o f th e  m o le c u le s .

Such c o u p lin g  has  been o bserved  in  1 ,4 - ^ ih y d ro -1 ,4 -e p o x y 

n a p h th a le n e s  ( 6 8 ) and  r e l a t e d  sy stem s, ( f ig u r e  3 .1 1 )^ ^  and was i n i t i a l l y  

assumed to  in v o lv e  a  fo u r-b o n d  b e n z y lic  c o u p lin g  betw een a  b rid g eh ead  

p ro to n  and th e  p ro x im in a l f lu o r in e .  However, on f u r th e r  c o n s id e r a t io n ,  

i t  seemed t h a t  th e  H^F^ in t e m u c le a r  d is ta n c e  was to o  g r e a t  f o r  a 

' th ro u g h -sp a c e  ' c o n t r ib u t io n  to  th e  co u p lin g  m echanism , and a  more 

l i k e l y  H-F co u p lin g  mechanism  was a  f iv e -b o n d  z ig -z a g  co u p lin g  betw een a  

b rid g eh e ad  p ro to n  and th e  d i s t a l  f lu o r in e ,  e . g .  % F ^ .

(63)
J h. F;, = 1-9Hz

b a

Figure 3*11

3 . I I I .  REARRANGEMENT CHEMISTRY OF rM3njC«%)-5,6,7,8-TETRAFTJ0C«[)-l,4,- 

DIHYCRO-l-METEIYL-1,  4-IMINONAPHTHALENE ( 6 6 a)

T rea tm en t o f  N -ch loroam ine ( 6 6 a) w ith  s i l v e r  t e t r a f lu o r o b o r a t e  

in  to lu e n e  in  th e  p re s e n c e  o f  two m olar e q u iv a le n ts  o f  m ethanol a t  room 

te n p e ra tu r e  y ie ld e d  two p ro d u c ts ,  (69) and (61a ) ,  ( f ig u r e  3 . 1 2 ) .
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syn -  ( 66a)

NH

OMe
OMe

11
AgBR

Cl

MeOH( 2 mol.equiv) 
Toluene 

Room temperature

(69)
52%

N

4

anü-(66a) (61a) 
45%

Figure 3 12

The b is -en d o -in e th o x y  ooirpound (69) i s  th e  e x p ec ted  p ro d u c t frcm  

th e  s y n - in v e r tc m e r  v ia  p a r t i c i p a t i o n  o f  tdie n - e le c t r o n s  o f t±ie e th e n o -  

b r id g e ,  ( f ig u r e  3 . 1 3 ) .

syn-(66a)

//+ //

MeOH (70)

i

OMe
MeOH

OMe
OMe

(69) (71)
Figure 3 13
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The o b se rv ed  e n d o -s te re o c h e m is try  o f  th e  methoxy g ro u p s  i s

m e c h a n is t ic a l ly  re a s o n a b le  i f  i t  i s  assumed t h a t  ch arg e  d e l o c a l i s a t i o n  

in  th e  t r a n s i t i o n  s t a t e  ta k e s  p la c e  v ia  a  n o n - c la s ic a l  ion  ( 7 0 ) .  The

p re se n c e  o f  p a r t i a l  t h r e e - c e n t r e  bonding  on th e  e x o -fa c e  in  th e  

t r a n s i t i o n  s t a t e  would fo rc e  th e  app roach  o f  m ethanol frcm  th e  

e n d o -fa c e . A s t r a i n e d  p ro to n a te d  a z i r i d in e  (71) i s  form ed and a  second 

m o lecu le  o f  m ethano l p erfo rm s a  r in g -o p e n in g  s te p  to  g iv e  th e  d ese rv ed  

b is -en d o -m e th o 3Q̂  p ro d u c t  (69 ) .

No p ro d u c ts  from  a r y l  p a r t i c i p a t i o n  o f  a  t e t r a f  lu o r in a  te d

b e n z o -r in g  have e v e r  been o b serv ed  due t o  i t s  low r e a c t i v i t y .  T hus,

h em olysis  c o rp e te s  s u c c e s s f u l ly  w ith  h e t e r o ly s i s  to  g iv e  th e  p a re n t  

amine (69) (s e e  C h ap te r 2 ) .

3 . IV . REARRANGEMENT CHEMISTRY OF N-CH IIBO-l,2,3,4-TEIRAHYDBO-5,8-

DIMEIHQXY-l-METHYI^ly4-IMIN0NAPHTBALENE (6 7 c )

T rea tm en t o f  th e  N -chloroam ine (67c) u n d er s im i la r  c o n d i t io n s  

used  f o r  ( 6 6 a) gave o n ly  th e  p ro d u c t o f  h e m o ly s is , i . e .  th e  p a r e n t  

seco n d ary  amine ( 6 2 c ) .  However, h e t e r o ly s i s  was induced by lo w erin g  th e  

te n p e ra tu r e  o f  th e  r e a c t io n  medium. In  f a c t ,  c h lo r in a t i c n  o f  th e  am ine 

(62c) and su b se q u en t tre a tm e n t w ith  s i l v e r  ion  in  th e  p re se n c e  o f 

m ethanol was p e rfo n n ed  below  - 2 0 ^0 , th e re b y  e s ta b l i s h in g  and m a in ta in in g  

th e  ' k i n e t i c  r a t i o '  o f  in v e rto m ers  in  th e  r e a c t io n  medium. A f te r  

com plete r e a c t io n  o f  th e  N -chloroam ine (67c) (m on ito red  by t . l . c .  ) ,  th e  

r e a c t io n  m ix tu re  was r e d u c t iv e ly  w orked-up w ith  sodium b o ro h y d rid e  in  

m ethanol y ie ld in g  (72) (58%), (73) (13%) and a  sm a ll amount o f  th e

p a re n t  seco n d ary  amine (62c)  ( 8 %), ( f ig u r e  3 . 1 4 ) .
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Cl
\

N
OMe

OMe
antH67c)

86%

/
/

OMe

OMe

syn-(67c) 

14%

i) AgBF^
MeOH (1 mol.equiv) 
Toluene
-20®C 

    ^
il) NaBH^

MeOH

Figure 3-14

OMe
MeO

OMe
(72)

56%
+

OMe

OMe
(73) 

13%
+

NH
OMe

OMe

(62c)

6 %

The s t r u c t u r e  o f  (72) was v e r i f i e d  by h ig h  f i e l d  and T3c 

NMR. The NMR i s  shown in  f ig u r e  3 .1 5 .
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The NMR spectrum  o f (72) c o n s is te d  o f  an AB q u a r te t  a t  66.43 

and 6 .67  in t e g r a t i n g  f o r  two p ro to n s  which were a s s ig n e d  to  th e  a ro m a tic  

p ro to n s ,  %  and H^. The two s in g le t s  a t  63.77 and 3 .79  eac h  in te g r a t in g  

f o r  th r e e  p ro to n s  w ere su b se q u e n tly  a ss ig n ed  to  th e  m ethoxy s u b s t i tu e n t s  

in  th e  b e n z o -r in g , to g e th e r  w ith  a  s in g le t  a t  63 .40 w hich c o rre sp o n d s  to  

th e  m etho5Q̂  g roup  in  th e  five-m em bered r in g .  The o th e r  s i n g l e t  

in t e g r a t i n g  to  th r e e  p ro to n s  was a ss ig n e d  to  th e  m e thy l g ro u p , th e  

m u l t ip l e t  a t  6 1 .9 6 -2 .2 6 , w hich in t e g r a te s  f o r  fo u r  p ro to n s ,  

c o rre sp o n d in g  to  H@, Hf and Hg.

I n t e r e s t i n g l y ,  th e  NMR s ig n a l  due t o  appea red  a s  a  d o u b le t a t  

300MHz. S ince  i s  a d ja c e n t  to  a m ethylene g ro u p , such  m u l t i p l i c i t y  

m ust a r i s e  from  th e  f a c t  t h a t  th e  ang le  betw en C-H^ and one o f  i t s  

n e ig h b o u rin g  p ro to n s  m ust be c lo s e  to  9CP ( J  = OHz). T h is  i s  c o n s i s te n t  

w ith  th e  NMR d a ta  o f  compound (50)

L ikew ise , th e  s t r u c tu r e  o f  (73) was confirm ed  by NMR and s p in  

d eco u p lin g  e jq p erim en ts , ( f i g u r e  3 .1 6 ) .  In  p a r t i c u l a r ,  th e  u p f ie ld  

s ig n a l s  a t  60.54 and 0 .97  were c h a r a c t e r i s t i c  o f  a  c y c lo p ro p y l r in g .

The c o u p lin g  c o n s ta n ts  a re  sum m arised in  t a b l e  3 . 3 .  The 

s t r u c t u r e  o f (73) was f u r th e r  s u b s ta n t ia te d  by d a t a .

TABLE 3 .3

0 .57 4 .2 4 .2 - -

0 .94 8 . 0 - -

OMe
1 H uj 

1 ( ^ 1

1.23 5 .0 7 .4

2 .8 5 1 1 . 6

* Me \  

(73, 3 .6 8

C hem ical s h i f t s  (ppn) a lo n g  d ia g o n a l  
C o u p lin g  c o n s ta n ts  (Hz) o f f  d ia g o n a l  
ÔH (300MHz, CDCI3)
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The p a re n t  amine (62c) i s  a lm ost c e r t a i n l y  b e in g  produced  v ia  

homo l y s i s  o f  th e  s y n - in v e r tc m e r . However, th e  rea rran g e m en t p ro d u c ts  

(72) and (73) a re  form ed v ia  b e n z o -p a rt i c  i p a t  io n  o f  th e  a n t i -  

in v e rto m e r. I t  i s  n o t p o s s ib le  to  d e te rm in e  w hether th e  re a rra n g e m e n t 

r e a c t io n  p ro cee d s  v ia  a c l a s s i c a l  o r  n o n - c la s s ic a l  carbénium  io n . 

N e v e r th e le s s ,  in  o rd e r  t o  r a t i o n a l i s e  th e  above r e s u l t s ,  th e  

in te rm e d ia te  i s  more e a s i l y  re p re s e n te d  as th e  c l a s s i c a l  io n s  (74) and 

(75) ( f ig u r e s  3 .1 7  and 3 . 1 8 ) .

Ih u s ,  i t  i s  su g g e s te d  th a t  th e  6 , 7 -b e n z o - l - a z a b ic y c lo  [ 3 . 2 . 0 ] -  

h ep tan e  d e r iv a t iv e  (72) was d e r iv e d  from th e  in te rm e d ia te  (74) v ia  

b reakage o f  th e  C-C bond shown in  (76) ,  th e  t e r t i a r y  c a t i o n i c  s p e c ie s  

th u s  formed (74) d e m o n s tra tin g  no tendency  to  induce r in g  op en in g  to  

form  a  seven-membered r in g ,  ( f ig u r e  3 .1 7 ) .

OMe
OMe

OMe
OMe

OMe
MeO

MeOH

OMe

(76) (7 4 )  (72)

Figure 3-17

A cco rd in g ly , th e  p ro d u c t c o n ta in in g  th e  c y c lc p ro p y l r in g  (73) 

was d e r iv e d  f r a n  th e  in te rm e d ia te  (75) v ia  b reak ag e  o f  th e  C-C bond 

shown in  (7 7 ) .  However, t h i s  in te rm e d ia te  d e m o n s tra te s  a  te n d en cy  to  

r in g  open to  p roduce a  b e n za zep in e -ty p e  s t r u c t u r e  (78) due t o  th e  

a b i l i t y  o f th e  m ethy l g roup  to  s t a b i l i s e  f u r th e r  th e  i n c ip i e n t  p o s i t i v e  

ch arg e  a t  th e  ben zy l i c  p o s i t i o n .  Loss o f m ethanol from  (78) le a d s  to
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th e  in te rm e d ia te  (79) w hich can su b se q u e n tly  undergo a  6 n —̂ 4 n  e l e c t r o -  

c y c l ic  r in g  c l o s u r e ,  th e  d r iv in g  fo rc e  b e in g  th e  r e a t ta in m e n t  o f  

a r o m a t ic i ty  o f  th e  d im e th o x y -s u b s ti tu te d  a r y l  r in g .  R ed u c tiv e  work-up 

o f  th e  im inium  s a l t  (80) g iv e s  th e  f i n a l  p ro d u c t ( 7 3 ) ,  ( f i g u r e  3 . 1 8 ) .

N
OMe

OMe

(7 7 )

OMe

OMe

NaBH,
MeOH

(7 3 )

OMe

OMe

MeOH

(7 5 )

OMe

OMe

S tT — 4  7T

(80) 

Figure 3*18

OMe

OMe OMe

-MeOH

OMe

OMe

(79)

The r e l a t i v e l y  h ig h  y ie ld  o f  (72) (58%) in d i c a te s  a  p re fe re n c e  

f o r  th e  in te rm e d ia te  (74) r a th e r  th a n  ( 7 5 ) .  T h is  r e s u l t  was a n t i c ip a te d  

on th e  grounds t h a t  (74) i s  a  more s t a b l e  t e r t i a r y  carbénium  io n .

Thus, r e a c t io n  v ia  th e  in te rm e d ia te  (75) resem b les  th e  c h e m is try  

o f  N -ch lo roam ines b e a r in g  m ethy l s u b s t i tu e n t s  a t  th e  1 , 4 - p o s i t o n s . In  

c o n t r a s t ,  r e a c t io n  v ia  th e  a l t e r n a t i v e  carbénium  icai (74) p a r a l l e l s  

r e a c t io n s  o f  ana lo g o u s system s which a re  u n s u b s t i tu te d  a t  th e  b rid g eh ead

p o s i t i o n s . 45
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H ence, t h i s  s in g le  exp erim en t d em o n stra te s  t h a t  th e  b rid g eh e ad  

m e thy l g roup  e x e r t s  m odest c o n t ro l  o v e r  th e  re g io c h e m is try  o f  th e  

p rim a ry  rea rran g e m en t b u t c o n t ro l s  a b s o lu te ly  th e  te n d e n c y  o f  th e  

b ic y c lo  [ 3 .2 .0 ] h e p ty  1 c a t io n  (74 ,  75) to  r in g  open o r  n o t in  th e  second  

s ta g e  o f  th e  r e a c t io n  depend ing  on v h e th e r  th e  m ethy l g roup  i s  now 

b en zy l i c  o r  ct- to  th e  n i t r o g e n .

3 . V . REARRANGEMENT CHEMISTRY W  N-<m m CHl,4-DIHYCB0-l-M ETHYL-l,4- 

IMINONAFBTHALENES (66b ) and (6 6 c )

T rea tm en t o f  th e  N -chloroam ine ( 6 6 b) w ith  s i l v e r  

t e t r a f lu o r o b o r a te  in  to lu e n e  in  th e  p re se n c e  o f  one m o la r e q u iv a le n t  o f  

m ethanol a t  room te m p e ra tu re  f a i l e d  to  encourage h e t e r o l y s i s .  The s o le  

p ro d u c t was th e  p a r e n t  seco n d a ry  am ine (61b) .  However, due to  th e  

su c c e ss  p re v io u s ly  a c h ie v e d  w ith  (67c) a s  a  r e s u l t  o f  lo w erin g  th e  

r e a c t io n  te m p e ra tu re ,  th e  r e a c t io n  was c a r r i e d  o u t  below  - 2 0 ^ .  

C h lo r in a tio n  was p erfo rm ed  a t  low te m p e ra tu re  so  t h a t  th e  ‘k in e t i c  

r a t i o '  o f  in v e r to n e r s  was p roduced  and m a in ta in e d . T h is  m axim ised th e  

p ro p o r tio n  o f  a n t i - in v e r to m e r  w hich would have become th e  m inor 

in v e rtc m e r a t  room te m p e ra tu re .  A f te r  w ork-up and ch ro m atog raphy , th e  

o n ly  i d e n t i f i a b l e  p ro d u c t was 4-m e th y lq u in c lin e  (60b) in  59% y i e l d ,  

( f i g u r e  3 . 1 9 ) .

The h igh  y ie ld  o f  4 -m e th y lq u in o lin e  (60b) i n d i c a te s  c l e a r l y  t h a t  

t h i s  compound m ust be form ed v ia  s o lv o ly s is  o f  th e  a n t i - in v e r to m e r  ( 6 6 b) 

s in c e  th e  r e a c t io n  was p erfo rm ed  under c o n d i t io n s  o f no in v e r s io n .
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syn-(66b)
31%

$
Cl

anti-{66b)

69%

AgBF^
MeOHd mol.equiv.)

Toluene
-2 0 °C

Figure 3 19

(60b)

59%

R eac tio n  o f  th e  N -chloroam ine ( 6 6 c )  a t  rocm te n p e r a tu r e  under 

c o n d i t io n s  fa v o u r in g  h e t e r o ly s i s  p roceeded  w ith  th e  fo rm a tio n  o f 

5 ,8 -d im e th o x y -4 -m e th y lq u in o lin e  (60c) in  30% y ie ld  as  w e ll a s  55% o f th e  

p a re n t  seco n d ary  amine (6 1 c ) .  The h ig h  r e a c t i v i t y  o f th e  d im ethoxy- 

s u b s t i t u t e d  b e n z o -r in g  e v id e n t ly  a llow ed  a  c e r t a in  amount o f  h e t e r o ly s i s  

even a t  room te n p e r a tu r e .

R eac tio n  o f  th e  ' k i n e t i c  r a t i o '  o f  N -ch lo roam ines ( 6 6 c )  a t  -20°C 

under th e  u s u a l c o n d i t io n s  p roceeded  w ith  th e  fo rm a tio n  o f (60c)  i n  an 

in p ro v ed  y ie ld  (42%), ( f i g u r e  3 . 2 0 ) .  S n a il  q u a n t i t i e s  o f  o th e r  p ro d u c ts  

w ere i s o la te d  b u t co u ld  n o t be i d e n t i f i e d .
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OMe

OMe
syn-(66c)

$
32%

OMe

OMe 
anti-(66c) 

68%

AgBf^

MeOHd mol.equiv.)

Toluene
-2 0 °C

Figure 3 20

OMe

OMe

(60c)

42%

As w ith  (60b ) ,  th e  f a c t  t h a t  (60c) i s  produced  in  42% y ie ld  

s t r e n g th e n s  th e  view  t h a t  th e  q u in o l in e  p ro d u c t i s  d e r iv e d  from  th e  

a n ti-N -c h lo ro a m in e .

H e te ro ly s is  o f  th e  N -ch loroam ines (58b) and (5 8 c ) ,  i . e .  th e  

an alogous system s c o n ta in in g  a  m ethy l group a t  bo th  o f  th e  b rid g eh e ad  

p o s i t io n s  p ro ceed ed  w ith  lo s s  o f  a  tw o-carbon  u n i t  to  form  th e  4-m e th y l

qu in o l in e  d e r iv a t iv e s  (60b) and (60c) .  R earrangem ent o f  ( 6 6 b) and  ( 6 6 c) 

produced  th e  same p ro d u c ts  b u t w ith  lo s s  o f  o n ly  one ca rb o n  atom , th u s  

su g g e s tin g  t h a t  th e  r e a c t io n  i s  p ro ceed in g  w ith  e l im in a t io n  o f a  b r id g e 

head c a rb o n ; in  th e  above exam ples, th e  b rid g eh ead  ca rb o n  w ith o u t an 

a d ja c e n t m ethy l g roup .
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The r e a c t io n  th e r e f o r e  p roceed s v ia  a r y l  p a r t i c i p a t i o n  o f th e

a n t i - i n v e r t a n e r  ( 6 6 b , c )  w ith  th e  p o s s i b i l i t y  o f  two in te rm e d ia te s  (81)

o r  ( 8 2 ) ,  ( f i g u r e  3 . 2 1 ) .  ffowever, as p re v io u s ly  d is c u s s e d ,  (81) i s

u n l ik e ly  to  r in g  open and i s  th u s  n o t c o n s id e re d  to  be a p r e c u r s o r  o f

th e  q u in o l in e  d e r iv a t iv e s  ( 6 0 b , c ) .  The a b i l i t y  o f th e  m ethy l group  to

in c re a s e  th e  s t a b i l i t y  o f  th e  p o s i t i v e  ch a rg e  a t  th e  b e n z y l i c  p o s i t i o n

w i l l  encourage (82) t o  r in g  open to  form a  b e n za za tro p y 1ium ion  (8 3 ) .
N

X

anfi- (66)

b; X=H 
c; X= OMe

X
X

(82) 

i
Figure 3*21

(83)
I n t e r e s t i n g l y ,  t h i s  su g g e s ts  a t  f i r s t  s ig h t  t h a t  th e  r e a c t io n  is  

o c c u r r in g  v ia  th e  l e s s  s t a b l e  carbénium  i o i  (82) i n  c o n t r a s t  to  th e  

co rre sp o n d in g  e th a n o -b r id g e d  system s vtiere th e  r e a c t io n  was th o u g h t to  

p ro cee d  p r e f e r e n t i a l l y  v ia  th e  more s t a b l e  t e r t i a r y  carbénium  io n  ( 7 4 ) .  

However, c o n s id e r a t io n  o f  m o le c u la r  m odels in d ic a te s  t h a t  th e  bonds th a t  

c le a v e  in  th e  r e a c t io n  ( in d ic a te d  by th e  dashed  l i n e s )  o v e r la p  to  some 

e x te n t  w ith  th e  p - o r b i t a l s  o f th e  tt-bonds and so  p e rh ap s  a  more oanplex  

c o n c e r te d  mechanism may be in v o lv ed  le a d in g  d i r e c t l y  t o  ( 8 3 ) ,  ( f ig u r e  

3 . 2 2 ) .
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Cl
\

N

Figure 3 22

The f a c t  t h a t  no p ro d u c ts  were o bserved  frcxn th e  in te rm e d ia te  

(81) i s  a l s o  s i g n i f i c a n t .  The m odest r e g i o s e l e c t i v i t y  in  th e  e th a n o -  

b r id g e d  c a se s  su rm ises  r e a c t io n  v ia  b o th  pathw ays. However, s in c e  th e re  

i s  o n ly  one p ro d u c t,  t h i s  adds to  th e  p re s s u re  f o r  a  s l i g h t l y  d i f f e r e n t  

mechanism.

The b en za za tro p y liu m  ic n  (83) c a n , in  f a c t ,  be re p re s e n te d  by 

seven  c a n o n ic a l fo rm s, ( f i g u r e  3 . 2 3 ) .  The s u b s t i tu e n t  R r e p r e s e n t s  a  

hydrogen atom  o r  a  m ethy l group  in  o rd e r  t o  e x ten d  t h i s  p roposed  

mechanism to  in c lu d e  th e  fo rm atio n  o f  q u in o l in e  d e r iv a t iv e s  from th e  

analogous d im e th y l s u b s t i tu t e d  compounds ( 5 8 b ,c ) .

/ (83a) (83b) (83c) \

(83d)

R = H.Me

(83e)

Figure 3 23

(83f) (83g)
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In  each  c a s e ,  r e a c t io n  w ith  m ethanol le a d s  to  a  r e v e r s ib le  

c o n v e rs io n  t o  seven  a l t e r n a t i v e  n e u t r a l  m ethoxy compounds ( 8 4 a - g ) .  

F o rm ation  o f a  six-raem bered n it ro g e n -c o n ta in in g  r in g  can be a ch iev ed  v ia  

a  6 tt—► 4tt e l e c t r o c y c l i c  r in g  c lo s u re .  However, r in g  c lo s u re  o f  th e  

m ethoxy compounds ( 8 4 a , e , g )  would r e s u l t  in  th e  u n d e s ir a b le  lo s s  of 

a r o m a tis a t io n  o f  th e  b e n z o -r in g , and i s  th u s  d is c o u n te d . S im i la r ly ,  

r in g  c lo s u re  o f  ( 8 4 b ,c )  would produce u n l ik e ly  lo o k in g  s t r u c tu r e s  

c o n ta in in g  v e ry  s t r a in e d  three-m em bered r i n g s .  Examples o f  b o th  a re  

i l l u s t r a t e d  in  f ig u re  3 .2 4 .

R

(83)

MeO

(84e)

MeO

X

R = H. Me

R

(84b)

Figure 3 24

E le c t r o c y c l ic  r in g  c lo s u re  o f  th e  m ethoxy ccnpounds (8 4 d , f )  

ap p ea r more p la u s i b le ,  th e  p ro d u c ts  being  (85) and ( 8 6 ) .  However, th e  

r e a c t io n  ap p ea rs  to  p ro cee d  v ia  ( 8 6 ) due to  th e  h ig h  s t a b i l i t y  o f the  

r e s u l t i n g  q u in o l in e  p ro d u c t (60) ( f ig u re  3 . 2 5 ) .
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MeO

(84d)

(84f)

R =H, Me

S tt— A tt_________ X

MeO
185)

MeO

( 86 )

Figure 3 25

( 8 6 ) Can b reak  down t o  form  th e  q u in o l in e  s t r u c t u r e  (60) i n  

th r e e  p o s s ib le  ways, ( f i g u r e  3 . 2 6 ) .

Route a  in v o lv es  c leav ag e  o f  th e  N-C bond o f  th e  th r e e  membered 

r in g  to  form  (87) .  A d d itio n  o f m ethanol would produce ( 8 8 ) w hich cou ld  

o n ly  form  th e  q u in o l in e  s t r u c t u r e  by th e  u n l ik e ly  lo s s  o f  a  h y d rid e  

io n . C leavage o f  th e  C-C bond in  ro u te  b i s  e q u a l ly  u n d e s ir a b le  due to  

th e  fo rm a tie z  o f  an a n t i a r a n a t i c  s t r u c t u r e  ( 8 9 ) .  Route c p ro v id e s  th e  

o n ly  p la u s ib le  mechanism in v o lv in g  c leav ag e  o f  th e  C-C bond shown to  

form a  1 ,3 -d ip o le  and e f f e c t iv e  lo s s  o f  m ethanol (o r  e th a n o l f o r  th e  

d im e th y l s u b s t i tu t e d  compound) t o  form th e  4 -m e th y lq u in o lin e  d e r iv a t iv e s  

( 6 0 b , c ) .
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MeO— ^

X
( 86 )

MeO' O  4 ^

(87)

MeO.
MeO

( 88)

MeO

X
( 86)

route b
- 4 4 - »

(89)

MeO

( 86)

MeO

route c

MeO

RrH.Me 
b; X=H 
c ; X = OMe

MeO

X

I

Figure 3 26

X

(60b c)

i

OMe

OMe

H



Chapter 4

Synthetic Approaches to Nortropane and 
Nortrop-6-ene Derivatives
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4 . 1 .  mrRODOcnoN

In  r e c e n t  y e a r s ,  7 -a z a b ic y c lo [2 .2 .1 ]h e p ty l  d e r iv a t iv e s  have been 

a  s u b je c t  o f  s i g n i f i c a n t  i n t e r e s t  p a r t i c u l a r l y  s in c e  th e s e  system s a re  

u n iq u e  am ongst r e l a t i v e l y  u n s tra in e d  a z a c y c le s  in  p o s se s s in g  anom alously  

h ig h  n i t r o g e n  in v e rs io n  b a r r i e r s .  The slow  in v e rs io n  a t  n i t ro g e n  in  

such  system s has f a c i l i t a t e d  th e  s tu d y  o f in v e rtcm e r p references^"^  and 

th e  s te re o c h e m ic a l consequences o f  r e a c t io n s  a t  n i t r o g e n . U n u s u a l  

d e s h ie ld in g  o f  th e  b r id g in g  n it ro g e n  in  NMR s tu d ie s  has a l s o  been 

n o ted  (se e  Appendix 2 ) .7 ?

The u n u su a l n a tu re  o f th e  b r id g in g  n it ro g e n  in  th e  7 -a z a b ic y c lo -  

[2 . 2 . 1 ] h ep tan e  system  g e n e ra te d  i n t e r e s t  in  hom ologous sy s te m s , 

p a r t i c u l a r l y  8 - a z a b ic y c lo [ 3 .2 .1 ] o c ty l  d e r iv a t iv e s ,  ( f ig u r e  4 . 1 ) .  

8 -A z a b ic y c lo [ 3 .2 .1 ] o c ta n e  i s ,  o f  c o u rs e , th e  s k e le to n  o f  th e  tro p a n e  

a lk a lo id s  w hich a re  n a tu r a l  p ro d u c ts  o c c u rr in g  p r i n c i p a l l y  in  th e  p la n t  

f a m i l ie s  S o la n a c e a e , Convoiv u la c e a e , E ry th ro x y la c e a e , E u p h o rb iaceae , 

P ro te a c e a e , and Rhi zo p h o rac eae .

6

3

X

N X = H; Nortropane

X CHg: Tropane

Figure 4*1

The m a jo r i ty  o f  th e  a lk a lo id s  have been known f o r  a  long  tim e 

and v e ry  few new a lk a lo id  s t r u c t u r e s  have ap p ea red  in  th e  l a s t  

tw e n ty -f iv e  y e a r s .  T h e re fo re , th e  main chem ical endeavour in  t h i s  a re a  

has been c o n c e n tra te d  on s y n th e t ic  w ork, s t im u la te d  by th e  i n t e r e s t i n g  

p h a rm a co lo g ica l p r o p e r t i e s  o f many o f  th e  a lk a lo id s .
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R o b in so n 's  c l a s s i c a l  s y n th e s is  o f c*ie o f th e  s i n g l e s t  a lk a lo id s ,  

t r o p  i  none (9 0 ) ,  from  su c c in a ld é h y d e , m ethy lam ine and a c e to n e  

d ic a rb o x y l ic  acid^B  i s  s t i l l  th e  in d u s t r i a l  b a s is  f o r  i t s  s y n th e s i s ,  th e  

ro u te  be ing  s im p le ,  d i r e c t  and e f f i c i e n t ,  ( f i g u r e  4 . 2 ) .

cCHO

CHO

+ MeNHg +

0
(90)

Figure 4 2

An a l t e r n a t i v e  ro u te  to  trc p in o n e  in v o lv e s  th e  c o n d e n sâ ticm o f  

c y c lo h e p ta -2 , 6 -d  ienone  w ith  m ethanol i c  methy la m in e , ( f i g u r e  4 . 3 ) .

0 + MeNHj — ►

Me 
N

(90)

Figure 4 3

Many o th e r  s y n th e t ic  approaches to  trc p a n e  a l k a lo id s  have been 

in v e s t ig a te d .  However, m ost ro u te s  re p o r te d  so  f a r  a re  a b le  to  produce 

d e r iv a t iv e s  o f  o n ly  c e r t a in  ty p e s  in  th a t  th e y  u s u a l ly  in c o rp o ra te  a 

N -m ethyl s u b s t i t u e n t ,  an  oxygen fu n c tio n  a t  C(3) and a  s a tu r a te d  

e th a n o -b r id g e .
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An ii rp o r ta n t  ro u te  to  tro p -6 -e n e -3 -o n e  d e r iv a t iv e s ,  how ever, has 

been  r e p o r te d  by Hoffmann e t  a l . 80 The r e d u c t iv e  h a lo g é n a tio n  o f  

o ,a '-d ib rc x n o  k e to n es  (91) w ith  sodium io d id e  in  th e  p re se n c e  o f  p y r ro le s  

(92) and cop p er has been found to  p roduce a  v a r i e ty  o f  6 , 7 -d eh y d ro - 

tro p in o n e s  (9 3 ) ,  ( f i g u r e  4 . 4 ) .

N — R

r '  r"

R’
5

H - n C  _ CH,CN

Nal. Cu

0

~ P ^ B r

R"

(92) (91) (93)

Figure 4-4

L ess a lk y la te d  d e r iv a t iv e s  have been s y n th e s is e d  by N oyori e t  

a l . 81 u s in g  a  v a r i a t io n  o f  th e  above r o u te .  Ih e  s y n th e s is  in v o lv e s  an 

i r o n  carbony l-p ro m o ted  [3+4] c y c lo c o u p lin g .

N e v e r th e le s s ,  th e se  compounds s t i l l  c o n ta in  a  N -a lk y l 

s u b s t i tu e n t  and an oxygen fu n c tio n  and t h i s  d isa d v a n ta g e  a l s o  l i m i t s  a 

new s y n th e t ic  approach  to  tro p a n e  a lk a lo id s  w hich was n o ted  r e c e n t l y , 82 

( f i g u r e  4 . 5 ) .
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N=0

+

(95) (96)

i

r \ _  8
Cl y -^ N H ONHCOCH.Ph HO NHR

(99)

t
(9 7 ) ;  R=H
( 9 8 ) ;  R = COjCHjPh

NCOO(,Ph

1 .

NMe

(100) ( 101)

Figure 4-5

T h is  ro u te  in v o lv e s  a  D ie ls -A ld e r  r e a c t io n  o f  1 , 3 -c y c lo h e p ta -  

d ie n e  (94) and  1 -c h lo ro - l -n i tro s o c y c lo h e x a n e  (9 5 ) .  R ed u c tiv e  tre a tm e n t 

in v o lv in g  th e  N-0 f i s s i œ  o f  (96) to  g iv e  (97) was fo llo w ed  by am ine 

p r o te c t io n  ( 9 8 ) .  R eac tio n  w ith  th io n y l  c h lo r id e  a f fo rd e d  th e  t r a n s 

c h lo r id e  (99) which was co n v erted  t o  N -carbobenzojQ ^nortropane (100) when 

s u b je c te d  to  b a se -in d u c e d  in tra m o le c u la r  c y c l i s a t i o n .  I n i t i a l  

c y c l i s a t i o n  a t te m p ts  however p roved  u n s u c c e s s fu l ,  th e  r e a c t io n  

u l t im a te ly  o i l y  p ro cee d in g  in  th e  p re se n c e  o f th e  h aza rd o u s  c o so lv e n ts  

benzene and hexam ethy lphospho ric  tr ia m id e  (HMPA). The c h o ic e  o f  

p r o te c t in g  g roup  on n it ro g e n  was a l s o  c r u c i a l  s in c e  h y d ro ly s is  o f 

N -benzoyl d e r iv a t iv e s  o f  (100) f a i l e d .  S y n th e s is  o f tro p a n e  (101) was 

ach iev ed  by l i th iu m  alum inium  h y d rid e  re d u c t io n  o f  th e  b e n z y l carbam ate 

( 100).
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P re v io u s  e x p e rie n c e  w ith  th e  c le a v a g e  o f  N -carbobenzoxy 

p r o te c t in g  g ro u p s (se e  C h ap te r 2) re n d e rs  t h i s  m ethod th e  id e a l  

c a n d id a te  t o  d evelop  and to  in tro d u c e  f l e x i b i l i t y ,  th u s  a llo w in g  th e  

p r e p a ra t io n  o f  a r t i f i c i a l  an a lo g u es  n o t o c c u r r in g  in  p l a n t  t i s s u e s .  

S y n th e t ic  f l e x i b i l i t y  i s  th e  key to  a c h ie v in g  e f f e c t iv e  drug  d e s ig n  

because  s k e l e t a l  m o d i f ic a t io i  o f  n a tu r a l  p ro d u c ts  o f te n  in c re a s e s  o r  

im proves th e  s p e c i f i c  p h y s io lo g ic a l  a c t i v i t i e s .

T hus, th e  s y n th e t ic  approach  chosen  was an  in t r a m o le c u la r  

c y c l i s a t i o n .  I h i s  method co u ld  a l s o  be m o d ified  to  s y n th e s is e  o th e r

a z a b ic y c le s .  For exam ple, a  D ie ls -A ld e r  r e a c t ic n  in v o lv in g  1 , 3 -c y c lo -  

hexad iene  m igh t le a d  to  7 - a z a b ic y c lo [ 2 .2 .1 ] h e p ta n e , and 1 , 3 - c y c lo o c ta -  

d ie n e  t o  9 -a z a b ic y c lo [4 .2 .1 ]n o n a n e . In  a d d i t io n ,  t h i s  p ro c e d u re  m igh t 

reascx iab ly  be ex p ec ted  to  a llo w  th e  in t ro d u c t io n  o f  u n s a tu r a t io n  in  th e  

tw o-carbcn  b r id g e ,  ( f ig u r e  4 .6 ) .

NR

n =2

HNR

A
: (CH^ln

n =3

n = 4

Figure 4*6

NR



— 79 —

Many h ig h ly  s u b s t i tu t e d  d e r iv a t iv e s  o f  7 - a z a b ic y c lo [ 2 .2 .1 ] -  

h ep tan e  have been produced  by th e  D ie ls -A ld e r  r e a c t io n s  o f  N -a lk y l and 

N -acy l p y r r o le s  w ith  dimet h y la c e ty le n e  d i c a r b o x y l a t e . 8 3 " 8 5  However, 

one r e p o r t  d e s c r ib e s  th e  s u c c e s s fu l  s y n th e s is  o f th e  p a re n t  s a tu r a te d  

am ine ( 1 0 2 ) 8 6  in  an o v e r a l l  y ie ld  o f  18% from  4-ace tam idopheno l (1 0 3 ), 

th e  c r u c i a l  s te p  b e in g  th e  c y c l i s a t i o n  o f th e  amino m e sy la te  (1 0 4 ), 

( f ig u r e  4 .7 ) .

J several

(103)

0
II

H3CSO 
 ̂ II

(104) 

F igure 4 7

NH.Cl

( 102)

The 9 -a z a b ic y c lo [4 .2 .1 ]n o n a n e  r in g  system  i s  o f  i n t e r e s t  due to  

i t s  o ccu rren c e  in  a lk a lo id s  such as a n a to x in  a  (1 0 5 ). The s y n th e s is  of 

t h i s  conpound has been accom plished  u s in g  s e v e r a l  m ethods. G a lla g h e r  e t  

a l . 87 re p o r te d  th e  t o t a l  s y n th e s is  o f  a n a to x in  a , th e  key s te p  being  th e  

in t r a m o le c u la r  a lk y la t i o n  o f  (106) to  g iv e  th e  b i c y c l i c  k e to su lp h o n e  

(1 0 7 ), ( f ig u r e  4 .8 ) .

NTs

(106)

NTs

several
steps

(107)

Figure 4*8

(105)
(1) - anatoxin a
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D an h eise r e t  a l . 8 8  r e p o r te d  an a l t e r n a t i v e  ap p ro ac h , th e  key 

s te p  t h i s  tim e  be ing  th e  t r a n s a n n u la r  c y c l i s a t i o n  o f  (108) to  p roduce  

th e  v in y l  brcm ide (1 0 9 ), ( f ig u r e  4 .9 ) .

NH,
NH

Or-
(108) (109)

Figure 4 9

Very l i t t l e  work has been re p o r te d  on th e  d e te rm in a tio n  o f 

in v e rs io n  b a r r i e r s  o f  8 - a z a b ic y c lo [ 3 .2 .1 ]o c ta n e  d e r i v a t i v e s .  T hus, th e  

n i t ro g e n  in v e rs io n  p ro c e ss  o f  such system s was th o u g h t w orthy  o f  f u r th e r  

s tu d y  s in c e  th e  q u e s t im  o f  b a r r i e r s  o f  th e  N -ch lo ro  ocxrpounds has n o t 

been c l a r i f i e d  t o t a l l y ,  e s p e c ia l ly  in  th e  e th e n o -b r id g e d  sy s te m s . T h is  

would a l s o  a llo w  o p p o r tu n i t ie s  f o r  s tu d y  o f  in v e rtc m e r p r e f e r e n c e s  and 

th e  c h em is try  o f  th e  N -ch lo ro  d e r iv a t iv e s .

F a c ia l  s e l e c t i v i t y  in  such  system s i s  o f  i n t e r e s t ,  to o .  

S t e r e o s e l e c t iv i t y  in  a t ta c k  a t  n i t ro g e n  would a lm o s t c e r t a i n l y  be 

c o n fin e d  to  q u a te r n is a t io n  s in c e  i t  i s  l i k e l y  t h a t  m ost d e r iv a t iv e s  

(even th e  N -ch lo ro  corpounds) would in v e r t  to o  r a p id ly .  However, f a c i a l  

s e l e c t i v i t y  in  a t ta c k  on th e  n -b o n d  i s  o f r e a l  i n t e r e s t  a s  i s  th e  p a r t  

\4 iich  n i t ro g e n  m igh t p la y  b o th  e l e c t r o n i c a l l y  ( s e e  C h ap te r 5) and 

s t e r i c a l l y ,  i . e .  depending  on th e  n itro g e n  s u b s t i t u e n t .
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T hus, th e  sy n th e se s  o f  n o rtro p an e  and i t s  u n s a tu ra te d  a n a lo g u e , 

n o r t r o p - 6 -e n e  were a tte m p te d , to g e th e r  w ith  a z a b ic y c le s  w ith  v a ry in g  

numbers o f  carbon  atcm s in  th e  b r id g in g  p o s i t i o n s .  However, t h i s  

c h a p te r  w i l l  c o n c e n tra te  p r im a r i ly  on th e  sy n th e se s  o f  n o rtro p a n e  and 

n o r t r o p - 6 - e n e .

4 . I I .  SW H E SIS AND SPECTROSœPIC INVESTIGATIONS

N ortropane  was p re p a re d  from  th e  in te rm e d ia te  a z a b ic y c le  (100) 

p r e v io u s ly  s y n th e s is e d  by K ibayash i e t  a l . , 82 ( f ig u r e  4 .1 0 ) .  The D ie l s -  

A ld e r r e a c t io n  o f  1 , 3 -c y c lo h e p ta d ie n e  (94) and 1 - c h lo r o - l - n i t r o s o c y c lo -  

hexane (95) y ie ld e d  th e  cy c lo ad d u c t (96) a s  i t s  h y d ro c h lo r id e .  The 

y ie ld  was improved from 68%82 g 3 % by ex te n d in g  th e  r e a c t io n  tim e . 

C a ta ly t ic  h y d ro g en a tio n  o f  (96) a ffo rd e d  th e  amino a lc c h o l  (97) 

( i s o l a t e d  a s  i t s  h y d ro c h lo r id e  s a l t )  a lm o st q u a n t i t a t i v e l y  and t h i s  was 

th e n  s u b je c te d  to  s e l e c t i v e  a c é ty la t io n  w ith  b en zy l c h lo ro fo rm a te . 

T rea tm en t o f  th e  b enzy l carbam ate (98) w ith  th io n y l  c h lo r id e  in  th e  

p re se n c e  o f  e x c e ss  p y r id in e  y ie ld e d  th e  t r a n s - c h lo r id e  (99) (58% y ie ld )  

w hich was c o n v e rted  in to  N -carbobenzoxynortrcpane (100) in  57% y ie ld  

when s u b je c te d  to  b a se -in d u c ed  in tra m o le c u la r  c y c l i s a t i o n  w ith  p o ta ss iu m  

_ t-bu tox ide in  a  1 :1  HMPA-benzene s o lu t io n .  C leavage o f th e  p r o te c t in g  

g roup  was ach iev ed  a lm o s t q u a n t i t a t iv e ly  when t r e a t e d  w ith  hydrogen 

brcm ide in  g l a c i a l  a c e t i c  a c id  to  g iv e  n o rtro p an e  ( 1 1 0 ) w hich  was s to re d  

a s  i t s  h y d ro c h lo r id e  s a l t .

In  o rd e r  to  s y n th e s is e  n o r tro p - 6 -e n e  (1 1 1 ), th e  h y d ro g e n o ly tic  

c le a v a g e  o f  th e  N-0 bond would o b v io u sly  have to  be av o id ed  ; th u s  a 

m o d if ic a t io n  to  t h i s  s y n th e t ic  ^ p ro a c h  was so u g h t. An a l t e r n a t i v e  

d ie n o p h i le ,  b e n z y ln i t r o s o f  orm ate (1 1 2 ),8 9  was em ployed w hich was 

g e n e ra te d  in  s i t u  from  b enzy l N - h y d r o x y c a r b a m a t e ^ ^  and  te t r a m e th y l-
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anrnonium m e ta p e r io d a te .  R eac tio n  o f  th e  n i t r o s o  compound w ith

1 , 3 -c y c lo h e p ta d ie n e  (94) a f fo rd e d  th e  D ie ls -A ld e r  a d d u c t (113) in  90% 

y i e l d .  However, r e d u c t iv e  N-0 bond c leav ag e  w ith  5% sodium  amalgam in  

e th a n o l a f fo rd e d  (114) in  v e ry  p oo r y ie ld  (7% ), ( f ig u r e  4 .1 1 ) .

N=0

(95) (96)

H2

Pd/C

HO

(98)

1

SOCI2

pyridine

(97)

Cl P l  :\  / ^ N H C

0
II

NCOCH,Ph

NHCOCHzPh " ^ --------►
1 1

HMPA: Benzene

(99) ( 100)

HBr
HOAc

NH

(110)
Figure 410
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(9 4 )

0
II

+ N

\o zCH^Ph

(112)
0

(113)

Na/ Hg

-  HO

0
II

NHCOCH^Ph

(114)

F igure  4*11

R éac tio n  o f  (113) w ith  z in c  in  g l a c i a l  a c e t i c  a c id ^ ^  a l s o  f a i l e d  

t o  c le a v e  th e  N-0 bond. However, t h i s  d i f f i c u l t y  was overcome by u s in g  

a s l i g h t l y  l e n g th ie r  ap p ro ach . The carbobenzoxy p r o te c t in g  g roup was 

c le a v e d  from th e  cy c lo ad d u c t (113) u s in g  hydrogen brom ide in  g l a c i a l  

a c e t i c  a c id  t o  p roduce  (115) in  72% y i e l d .  The N-O bond was 

su b se q u e n tly  c leav ed  c le a n ly  and f a i r l y  e f f i c i e n t l y  (64% y ie ld )  t o  g iv e  

(116) and th e n  th e  am ine p r o te c t in g  group re p la c e d  by tre a tm e n t w ith  

sodium h y d rid e  and b en zy l c h lo ro fo rm a te  (95% y i e l d ) .  R e a c tio n  o f  (114) 

w ith  th io n y l  c h lo r id e  in  th e  p re se n c e  o f e x c e ss  p y r id in e  a f fo rd e d  th e  

t r a n s - c h lo r id e  (1 1 8 a ). However, c y c l i s a t i o n  o f th e  c h lo r id e  (118a) to  

th e  t r c p - 6 -e n e  s k e le to n  (119) u s in g  a  v a r i e ty  o f  s tro n g  b ase s  and 

d i f f e r i n g  s o lv e n ts  f a i l e d ,  o n ly  s t a r t i n g  m a te r ia l  b e in g  re c o v e re d  frcm  

th e  re a c tic x i m ix tu re . A b e t t e r  le a v in g  group e .g .  brom ide (118b) m igh t 

re a so n a b ly  be e x p ec ted  to  f a c i l i t a t e  th e  c y c l i s a t i o n .  N e v e r th e le s s ,  

a f t e r  s u c c e s s fu l  s y n th e s is  o f  th e  tra n s -b ro m id e  (1 1 8 b ), a l l  a t t e n p t s  to  

induce c y c l i s a t i o n  were u n p ro d u c tiv e , ( f ig u r e  4 .1 2 ) .
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(113)

COCH,Ph 
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(114)
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F igure 4 1 2

(115)

Zn
HOAc

HO

1
- O -

NH,

(116)

0
II

NCOCKPh

(119)

F a i lu r e  o f th e  t r a n s - h a l id e s  (1 1 8 a ,b ) to  c y c l i s e  n e c e s s i t a te d  an 

a l t e r n a t i v e  p ro c e d u re . T ro s t  e t  a l . 93 h as  s y n th e s is e d  a  number o f 

a lk a lo id s  u s in g  p a l la d iu m -c a ta ly s e d  c y c l i s a t i o n s .  P a llad iu m  (0) 

c a t a l y s t s  r e a c t  w ith  a l l y l i c a l l y  o x id ise d  compounds ( 1 2 0 ) ,  ( f ig u r e  

4 .1 3 ) ,  t o  y ie ld  i r - a l l y l  p a lla d iu m  com plexes. The c a t a l y t i c  c y c le  

c o n s i s t s  o f  an i n i t i a l  a c t iv a t io n  s ta g e  to  form  a  n - a l l y l  complex ( 1 2 1 ) 

w hich in v o lv e s  c o o rd in a tio n  o f  a  c o o rd in a t iv e ly  u n s a tu ra te d  p a lla d iu m  

(0 ) s p e c ie s  w ith  th e  a lk e n e  cn th e  face  c p p o s i te  t h a t  o f  th e  le a v in g  

g ro u p . Loss o f  th e  le a v in g  group g e n e ra te s  a  n - a l l y l  c a t io n ic  

in te rm e d ia te  (1 2 2 ) . T h is  i s  fo llo w ed  by a  s u b s t i t u t i o n  s ta g e ,  in  v h ic h , 

th e  n u c le o p h ile  n o rm ally  a t ta c k s  th e  fa c e  o f  th e  a l l y l  u n i t  o g ^ s i t e  to  

p a lla d iu m  (1 2 3 ). T hus, p a lla d iu m  (O) i n i t i a l l y  s e rv e s  a s  a  n u c le o p h ile .
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and hav ing  done s o , becomes a  le a v in g  group to  g iv e  th e  f i n a l  p ro d u c t 

(1 2 4 ).

( 120)
P d - L
I +

(121) ( 122)

1
Nu

+ PdLn
P d—L

(124) 

Figure 4 13
(123)

Such r e a c t io n s  can be a c c c n p lish e d  in  an in t r a m o le c u la r  s e n s e , 

i . e .  c y c l i s a t i o n .  T h is  method h a s , f o r  exam ple, form ed th e  b a s is  o f th e  

s y n th e s is  o f  6 - a z a b ic y c lo [3 .2 .1 ]o c t-3 -e n e  (1 2 5 ).9 3  T rea tm en t o f th e

amino a c e ta t e  (126) w ith  a  p a lla d iu m  c a t a l y s t  in  te t r a h y d ro fu ra n  

c o n ta in in g  t r i e t h y lam ine gave th e  c y c l is e d  amine (125) w hich i s  th e  

b a s ic  r in g  sk e le tcx i o f  a c tin o b o la m in e , ( f ig u r e  4 .1 4 ) .

NHCH,Ph

NEt
AcO

(126)
Ph

(125)

Figure 4 14
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T his p ro c e d u re  m igh t re a so n a b ly  be e x p ec ted  to  prom ote th e  

c y c l i s a t i c n  o f  th e  a c e ta t e  (127) to  y ie ld  th e  tro p a n e  s k e le to n  (1 1 9 ), 

( f ig u r e  4 .1 5 ) .  I h u s ,  th e  a lc o h o l (114) was a c e ty la te d  u s in g  a c e ty l  

c h lo r id e  and p y r id in e .  However, tre a tm e n t o f  (127) w ith  Pd(PPh3 ) 4  in  

th e  p re se n c e  o f  t r i e t h y  lam ine d id  n o t g iv e  th e  d e s i r e d  p ro d u c t;  th e  

d ie n e  (128) was u n ex p ec ted ly  p roduced .

0
II

NHCOCHjPh

0
II

CHgC —Cl 
pyridine

0
II

^  CH3 CO

(114)

(119)

Figure 4 15

0
II

NHCOCHjPh

(127)

P d (P P h g )^

NEt,

0 
II 

NHCOm̂ Ph

(128)

R eac tio n  o f  th e  a c e ta te  (127) u nder i d e n t i c a l  c o n d i t io n s  b u t 

o m itt in g  th e  p a lla d iu m  c a t a l y s t  y ie ld e d  o n ly  s t a r t i n g  m a te r i a l .  Thus, 

th e  e l im in a t io n  r e a c t io n  m ust be p a l la d iu m -c a ta ly s e d .  T h is  can be 

e x p la in e d  v ia  th e  fo rm a tio n  o f a  n - a l l y l i c  com plex (129) by th e  

o x id a t iv e  a d d i t io n  o f  th e  a l l y l i c  conpound (127) t o  P d (0 ) .  E lim in a tio n  

o f  a c e t i c  a c id  from  th e  complex l i b e r a t e s  th e  d ie n e  (128) and 

r e g e n e ra te s  th e  z e ro v a le n t  p a lla d iu m  which r e c y c le s ,  ( f ig u r e  4 .1 6 ) .
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0
II

NHCOCHjPh + Pd L

AcOH

(128)

0
II

NHCOCHjPh

Figure 4-16

NHCOCHjPh

/ P d  
L OAc 

(129)

I  N E t,

OAc

T h is  p ro ced u re  h a s ,  in  f a c t ,  been r e p o r te d  as  a  p r e p a r a t iv e  

method f o r  co n ju g a ted  d ie n e  system s based cxi th e  e l im in a t io n  o f a c e t i c  

acid.94f95

I t  ap p ea rs  t h a t  e l im in a t io n  i s  fav o u red  o v e r in t r a m o le c u la r  

c y c l i s a t i o n  and so  i t  was d ec id ed  to  t r y  to  make th e  c y c l i s a t i o n  more 

c o r p e t i t i v e  by in c re a s in g  th e  n u c le o p h i l i c i ty  o f th e  n i t r o g e n .  A b e n z y l 

p r o te c t in g  g roup  seemed th e  id e a l  c a n d id a te  due to  th e  s u c c e s s f u l  

c y c l i s a t i o n  o f (126) and s in c e  th e  compounds cou ld  be e a s i l y  p re p a re d  

u s in g  a  s l i g h t  m o d if ic a t io n  o f  th e  p re v io u s  s y n th e s i s .  The ran g e  co u ld  

a l s o  be ex ten d ed  to  in c lu d e  d i f f e r e n t  s iz e d  carbon  b r id g e s .  The 

s a tu r a te d  an a lo g u es  were p re p a re d  f i r s t  in  o rd e r  to  d e te rm in e  w h eth er 

th e  in c re a s e d  n it ro g e n  n u c le o p h i l i c i ty  inp roved  th e  e f f i c i e n c y  o f th e  

c y c l i s a t i o n .
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T hus, th e  D ie ls -A ld e r  r e a c t io n s  o f th e  d ie n e s  (1 3 0 a ,b ,c )  w ith  

th e  a c y l  n i t r o s o  coirpound ( 1 3 1 ) 8 2  g e n e ra te d  in  s i t u  from  benzohydroxam ic 

a c id  and te tram ethylanm onium  m e ta p e rio d a te  y ie ld e d  th e  c y c lo a d d u c ts  

( 1 3 2 a ,b ,c ) ,  ( f ig u r e  4 .1 7 ) .

0 
11

“ s
(130) (131) (132) 0

a; n=2 93%
b; n = 3 99%
c; n = 4 9 2 %

Figure 4 17

Each cy c lo ad d u c t was found to  e x i s t  as  a  p a i r  o f  ro ta m e rs , 

r o t a t i o n  o c c u rr in g  abou t th e  N-00 bond. Low te m p e ra tu re  NMR s p e c tr o 

scopy re v e a le d  th e  p re se n c e  o f  two s e p a ra te  s ig n a l s  f o r  each  p r o to n ,  

th u s  in d ic a t in g  slow  is c m e r is a t io n . The r o t a t i o n a l  en e rg y  b a r r i e r s  were 

d e te rm in ed  u s in g  th e  te c h n iq u e  o f v a r ia b le  te m p e ra tu re  NMR. The r e s u l t s  

a re  sum m arised in  ta b le  4 .1 .

D e te rm in a tio n  o f  th e  r o t a t i o n a l  energy  b a r r i e r  o f  (132c) was n o t 

p o s s ib le  due to  th e  p re se n c e  o f two te n p e ra tu re -d e p e n d e n t p ro c e s s e s .  

The o th e r  p ro c e s s  o c c u rr in g  i s  presum ably in v e rs io n  o f  th e  c y c lo o c te n e  

r in g .
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Table 4.1. Rotational Energy Barrier AĜ TcJinol"̂

(132a)
NCPh

II

57*9

(132b)
NCPh 

II 
0

55-6

(132c)
NCPh

II

U ndefinab le

R ed u c tiv e  c leav ag e  o f th e  N-0 bond o f  (1 3 2 a ,b ,c )  was ach iev ed  

w ith  5% sodium  amalgam. However, s i g n i f i c a n t l y  im proved y ie ld s  w ere 

a t t a in e d  when th e  cy c lo a d d u c ts  were t r e a te d  w ith  alum inium  amalgam in  

aqueous te t r a h y d r o f u r a n , ^^ (133 a ,  97%; b , 92%; c ,  71%), ( f ig u r e  4 .1 8 ) .  

H ydrogenation  o v er p a llad iu m  o i  c h a rc o a l to  y ie ld  th e  s a tu r a t e d  a lc o h o ls  

(134 a ,  99%; b , 99%; c ,  98%)®2 was fo llo w ed  by t r e a tm e n t  w ith  l i th iu m  

alum inium  h y d rid e  to  a f fo rd  th e  co rre sp o n d in g  amino a lc o h o ls  (135 a ,  

91%; b , 99%; c ,  99%) w ith  th e  re q u ire d  b en zy l p r o te c t in g  g ro u p .
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( CHJ

V
0

(C H Jn  0  
*^'"9 » H0*-( )-*NHCPh

Ph

(132) (133)

a; n= 2
b; n = 3 
c; n = 4

H2

Pd/C

(CHJn ‘CH,)n 0
H0—(  ^N H C H jPh 4   H0»-( NHCPh

(135) (134)

Figure 418

A tte n t io n  was p r im a r i ly  d i r e c te d  a t  th e  c y c l i s a t i o n  o f  (135b) in  

o rd e r  to  form  th e  trc p a n e  s k e le to n .  However, t r e a tm e n t w ith  th io n y l  

c h lo r id e  in  th e  p re sen ce  o f p y r id in e  f a i l e d  to  y ie ld  th e  t r a n s - c h l o r i d e , 

p ro d u c in g  o n ly  u n id e n t i f i a b le  p ro d u c ts .  The o n ly  d i f f e r e n c e  betw een 

t h i s  compound (135b) and th e  a lc o h o l (98) t h a t  had p re v io u s ly  been 

c o n v e rte d  in to  a  t r a n s - c h lo r id e  i s  th e  p re se n c e  o f  a  r e a c t iv e  seco n d ary  

am ine. T h is  m ust be th e  u n d e rly in g  cause  o f th e  f a i l u r e  o f th e  a lc o h o l 

t o  r e a c t  a s  r e q u ir e d .  The obv ious way to  overcome t h i s  s i t u a t i o n  i s  to  

p r o t e c t  th e  am ine. However, c o n s id e ra tio n  o f th e  mechanism o f th e  

c h l o r in a t i c n  r e a c t io n  ren d e red  c o n v e n tio n a l am ine p r o te c t io n  

u n n e c e ssa ry .

T h io n y l c h lo r id e  r e a c t s  w ith  a lc o h o ls  to  form  a lk y l  c h lo ro -  

s u lp h i t e s  (136) w hich undergo SNi r e a c t io n s .  The c h lo ro s u lp h i te  i s

form ed w ith  r e te n t io n  o f  c o n f ig u ra t io n ,  th e  R-0 bond n o t b e in g  b roken  

d u r in g  th e  r e a c t io n .  The f i r s t  s te p  in v o lv e s  d i s s o c i a t i o n  in to  an 

in t im a te  io n  p a i r .  P rov ided  c o l la p s e  o f  th e  io n  p a i r  to  p ro d u c ts  o c c u rs
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r a p id l y ,  th e n  a t ta c k  hy c h lo r id e  ion i s  l i k e ly  to  o ccu r on. th e  same s id e  

o f  R"̂  from  w hich "OSOCl d e p a r te d  i . e .  w ith  r e te n t ic a i  o f  c o n f ig u r a t io n ,  

( f ig u r e  4 .1 9 ) .

0 
II

R — OSOCl —► R + “O S - C l
(136) I

RCl R+CI- ^ SO2

Figure 4 19

However, a d d i t io n  o f  p y r id in e  to  th e  m ix tu re  o f  a l c d i o l  and 

th io n y l  c h lo r id e  r e s u l t s  in  th e  fo rm atio n  o f a lk y l  h a l id e s  w ith  in v e r te d  

c o n f ig u r a t io n .  I n v e r s ie z  r e s u l t s  because  th e  hydrogen c h lo r id e  p roduced  

d u r in g  th e  fo rm a tio n  o f  th e  a lk y l  c h lo ro s u lp h i te  i s  co n v e rte d  by 

p y r id in e  i n t o  CgHgNH+Cl", and th e  c h lo r id e  io n ,  b e in g  an  e f f e c t i v e  

n u c le o p h ile  a t t a c k s  from  th e  r e a r  in  a  norm al SN2 r e a c t io n  w ith  

inversicM  o f  c o n f ig u ra t io n .

The amine in  compound (135b) m igh t be a b le  to  a c t  in  an  

ana logous m anner to  p y r id in e ,  th u s  p r o te c t in g  th e  am ine in  th e  m eantim e

(1 3 7 ), ( f ig u r e  4 .2 0 ) .  The f r e e  c h lo r id e  ion  would be a b le  to  a t ta c k

from  th e  r e a r ,  r e s u l t i n g  in  th e  re q u ire d  in v e rs io n  o f  s te re o c h e m is try

(1 3 8 ). Subsequen t a d d i t io n  o f  p y r id in e  m igh t be e x p ec ted  to  re g e n e ra te  

th e  f r e e  am ine to  g iv e  th e  re q u ire d  p ro d u c t (139) w hich sh o u ld  be 

ca p a b le  o f  c y c l i s in g  to  th e  re q u ire d  N -b en zy ln o rtro p an e  (1 4 0 ) .
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NHCHgPh
HO

+ soa

(135b)

NHCH,Ph

(138)

I  pyridine

(1 3 9 )

NHCHgPh

Figure 4 20

C ( - S - 0

(1 3 7 )

Cl

i
NHCH,Ph

CI —S-— 0

cr

(140)

N ote: The b o a t co n fo rm a tio n  o f  th e  cy c lo h ep ta n e  r in g  i l l u s t r a t e d  h e re  

i s  n o t th e  m ost e n e r g e t i c a l ly  s ta b le  co n fo rm a tio n .

In d eed , r e a c t io n  o f  (135b) w ith  th io n y l  c h lo r id e  and su b seq u en t 

tre a tm e n t w ith  p y r id in e  gave N -b en zy ln o rtrcp an e  (140) in  u n e x p e c te d ly  

h ig h  y ie ld  ( 8 8 %), th e  in c re a se d  n u c le o p h i l i c i ty  o f th e  amine a p p a re n tly  

be in g  s u f f i c i e n t  to  induce c y c l i s a t i o n  in  th e  r e a c t i o i  medium. The ea se  

o f  in tra m o le c u la r  c y c l i s a t i o n  i s  r e f l e c te d  in  th e  o v e r a l l  y i e ld  o f th e  

s y n th e s is  to  p roduce th e  trc p a n e  s k e le to n ;  79% com pared t o  K ib a y a s h i 's

23%.82
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N -B enzy lno rtropane  was e a s i l y  re c o g n isa b le  due to  th e  s i n p l i c i t y  

o f  th e  NMR spectrum  r e f l e c t i n g  th e  h ig h  symmetry o f  th e  system r 

( f ig u r e  4 .2 1 ) .

Low te n p e r a tu r e  NMR s tu d ie s  in d ic a te d  th e  p re se n c e  o f  two 

in v e r tc m e rs .  Ih e  in v e rs io n  b a r r i e r  was d e te rm in ed  u s in g  th e  te c h n iq u e  

o f  v a r ia b le  te m p e ra tu re  NMR and was found to  be 36 .1 k Jm o l"^ . However, 

i t  i s  p o s s ib le  t h a t  th e  p ro c e s s  be ing  observed  i s  r in g  in v e r s io n  r a th e r  

th a n  n i t r o g e n  in v e r s io n ,  ( f ig u r e  4 .2 2 ) .

PhCH

e q u a to r ia l

CH,Ph

ax ia l

N itrogen in v e rs io n

PhCH

N

ch a ir

F igure  4*22

PhCHz
X

N

b o a t

Ring in v e rs io n
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S te re o c h e m ic a l and c o n fo rm a tio n a l a s p e c ts  o f  th e  tro p a n e  

s k e le to n  have become a  s u b je c t  o f  g r e a t  i n t e r e s t  in  th e  l a s t  tw en ty  

y e a r s  as  a p p ro p r ia te  s p e c tro s c o p ic  m ethods have d ev e lo p ed . Of th e  two 

p o s s ib le  co n fo rm a tio n s  o f  th e  tro p a n e  s k e le tc o  i . e .  th e  c h a i r  and th e  

b o a t form , th e  more s t a b l e  c h a i r  form i s  a lm o st e x c lu s iv e ly  found in  th e  

g round s t a t e .  However, e v id en ce  f o r  th e  t r a n s i t o r y  e x i s te n c e  o f  th e  

b o a t form  i s  found in  th e  r e a c t io n s  o f  th e  i s o n e r i c  3 -c h lo ro tro p a n e s  

w ith  n u c le o p h i le s .97  y98 I n f r a - r e d  s p e c t r a l  s tu d ie s  o f p s e u d o tr e p ine 

( 1 4 1 ) ,99  ( f ig u r e  4 .23 ) su g g e s te d  th a t  th e  b o a t form  a l s o  o c c u rre d  in  th e  

ground s t a t e  b u t t h i s  was d isp ro v e d  by a  more re c e n t  in f r a - r e d  study^® ^ 

vrtiich showed th e  absence  o f in tra m o le c u la r  hydrogen b o n d in g , and hence 

no e v id en ce  f o r  i t s  e x is te n c e  in  th e  b o a t fo rm . S upport f o r  t h i s  l a t t e r  

c o n c lu s io n  has come from X -ray  c r y s ta l lo g r a p h ic  and NMR s t u d i e s . T h e  

o n ly  e x c e p tio n  t o  th e  ground s t a t e  c h a i r  co n fo rm a tio n  in  th e  s im p le  

tro p a n e  s e r i e s  i s  th e  compound (1 4 2 ), ( f ig u r e  4 .2 3 ) ,  w here abnorm al 

u l t r a - v i o l e t  and in f r a - r e d  s p e c t r a  su g g es ted  th e  e x is te n c e  o f  th e  b o a t 

form  and a  n i t ro g e n -c a rb o n y l i n t e r a c t io n .  T h is  co n fo rm a tio n  s e rv e s  to  

d e c re a se  s t e r i c  s t r a i n  betw een th e  3o-phenyl g roup  and th e  e th a n e  

b r id g e .

Me
N

OH

(141) H

Me

(142)

Ph

Figure 4*23
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T his  ev id en ce  in p l i e s  t h a t  r in g  in v e rs io n  o f N -b e n z y ln o rtro p a n e  

(140) i s  u n l ik e ly  to  e j ^ l a i n  th e  NMR r e s u l t s ,  le a v in g  n i t r o g e n  in v e rs io n  

a s  a  more p la u s ib le  re a so n  f o r  th e  v a r ia b le  te m p e ra tu re  e f f e c t .  D ipo le  

moment s tu d ie s  o f  tr c p a n e s  w ith  33 s u b s t i tu e n t s  known t o  have th e  

p ip e r id in e  c h a i r  co n fo rm a tio n , show th e  N -m ethyl group to  be p a r a l l e l  

w ith  th e  e q u a to r i a l  33 s u b s t i t u e n t . P a r t i c i p a t i o n  o f  n i t ro g e n  in  

n u c le o p h i l i c  r e a c t io n s  a t  a l s o  g iv e s  s u p p o r t  to  a

p r e f e r e n t i a l  e q u a to r ia l  o r i e n t a t i o n  o f  th e  N -a lk y l g ro u p  in  th e  

t r c p a n e s .  E vidence f o r  n i t ro g e n  in v e rs icx i h a s ,  in  f a c t ,  been  n o ted  in  

th e  s tu d y  o f  low te n p e r a tu r e  NMR s p e c t r a  o f  a  few  tro p a n e

d e r i v a t i v e s .1^4

A f te r  th e  s u c c e s s fu l  s y n th e s is  o f N -b e n z y ln o rtro p a n e , s im i la r  

c y c l i s a t i o n  œ n d i t i o n s  were employed in  an  a tte m p t t o  s y n th e s is e  th e  

c o rre sp o n d in g  7 -a z a b ic y c lo  [2 .2 .1 ]  h ep tan e  (143) and 9 - a z a b ic y c lo  [ 4 .2 .1 ] -  

nonane d e r iv a t iv e s  (1 4 4 ) , ( f ig u r e  4 .2 4 ) ,  b u t to  no a v a i l .

CHgPh 

N

(1 4 3 )

H O ^  ^NHCH,Ph ^

(135)

a ; n = 2  

c ;  n = 4

N

(1 4 4 )

F igure  4 24
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I n t e r e s t i n g l y ,  r e a c t io n  o f (135a) w ith  th io n y l  c h lo r id e  a f fo rd e d  

th e  c h lo ro s u lp h i te  d e r iv a t iv e  (145) which proved  to  be u n e x p e c te d ly  

s t a b l e ,  p ro lo n g ed  h e a t in g  b e in g  r e q u ire d  to  c o n v e r t i t  to  th e  

c o rre sp o n d in g  t r a n s - c h lo r id e  (146) ( f ig u r e  4 .2 5 ) .  However, (146) f a i l e d  

t o  c y c l i s e ,  th e  r e a c t io n  r e s u l t i n g  in  r e - i s o l a t i o n  o f  th e  s t a r t i n g  

m a te r i a l .

0
NHCH,Ph CISO NHCH.Ph

Heat

(135a) (145) 

Figure 4 25

y *  NHCHjPh 

(146)

P re v io u s  r e p o r te d  in tra m o le c u la r  c y c l i s a t i o n s  to  p roduce the  

b ic y c l i c  am ines ( 1 0 2 )^^  and (109)^® have b e n e f i te d  frciti b e t t e r  le a v in g  

g ro u p s , i . e .  m e sy la te  and brom ide r e s p e c t iv e ly .  However, r e a c t io n  o f 

( 1 3 5 a ,c ) w ith  th io n y l  brom ide u n d er s im i la r  c o n d i t io n s  a l s o  f a i l e d  to  

i n i t i a t e  c y c l i s a t i o n .

T rea tm en t o f  (140) under c a t a l y t i c  h y d ro g e n a tio n  c o n d i t io n s  

succeeded  in  removing th e  benzy l p r o te c t in g  group to  a f f o r d  n o rtro p a n e  

(110) in  an o v e r a l l  y ie ld  o f  75% which was s to r e d  as  th e  h y d ro c h lo r id e  

s a l t ,  ( f ig u r e  4 .2 6 ) .

CH,Ph
5

(140)

Ha

Pd/C 

94%

Figure 4 26

( 110)

Nortropane
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T rea tm en t o f  n o rtro p a n e  h y d ro c h lo r id e  (147) w ith  sodium  

h y p o c h lo r i te  in  w a te r  y ie ld e d  N -ch lo ro trc p an e  (1 4 8 ) , ( f ig u r e  4 .2 7 ) .

Cl
NH^Cr \ N N

/
Cl

NaOCl
H,0

(147) equatorial-(148) axial -  (148)

Figure 4*27

Low te n p e ra tu r e  NMR sp e c tro sc o p y  in d ic a te d  th e  p re sen ce  o f 

two invertonners in  th e  r a t i o  9 5 :5 , th e  m ajor in v e rto m er b e in g  a s s ig n e d  

a s  hav ing  th e  more s t a b l e  e q u a to r ia l  o r i e n t a t i o n . T h e  unexpec ted  

o b s e rv a tio n  o f  th e  a x ia l-c o n fo rm e r  may be due to  a  s t a b i l i s i n g  

i n t e r a c t io n  betw een th e  N-Cl and th e  C ( l)-C (7 )  and C (5 )-C (6 ) bonds. 

Such in t e r a c t io n s  have been o b served  in  N - c h lo ro -d e r iv a t iv e s  o f  

1 , 2 ,3 , 4 - t e t r a h y d r o - l , 4 - im in o n ap h th a len es  (48c) and ( 52c ) ,  ̂  ( f ig u r e  

4 .2 8 ) .  S in g le  in v e rto m e rs  o f  th e se  d e r iv a t iv e s  have been  i s o la te d  a s  

c r y s t a l l i n e ,  c o n f ig u r â t io n a l ly  s ta b le  compounds a t  am bien t te n p e r a tu r e .

Cl

OMe

OMe

syn - (4 8 c ) ,  R=H 

s y n - (5 2 c ) ,  R=Me

solution

> 0°C

Figure 4 28

Cl

OMe

OMe

a n t i - ( 4 6 c ) ,  R = H 

anti - ( 5 2 c ) ,  R = Me
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X -ray c r y s ta l  s t r u c tu r e s  have e s ta b l is h e d  th a t  th e  N-Cl bond in  

s y n -  (52c) i s  a lm ost a n t ip e r ip la n a r  to  th e  p lan e  c o n ta in ed  by C ( l)  C(2) 

C(3) C( 4) ,  th e  to r s io n a l  an g le  being  1 7 3 .2 ° . The co rre sp o n d in g

r e la t io n s h ip  f o r  a n t i -  (48c) i s  even c lo s e r  to  a n t i p e r i p l a n a r i t y ,  th e  

to r s io n a l  an g le  being  1 7 6 .9 ° , ( f ig u re  4 .2 9 ) .

,C(4)
C(5)

C(6T
C( 2 ) C(10) C(7)

C ( 9 )

|C51C(3)C(2)
06 )

C(9)
C { 8 Y

syn - (52c)

Figure 4 29
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These s u r p r i s in g  o b s e rv a tio n s  may p o in t  to  a  s t a b i l i s i n g  

i n t e r a c t i c n  betw een th e  N-Cl bond and th e  a n t ip e r ip l a n a r  C-C bonds vA ich 

a r e  s u f f i c i e n t  to  d i s t o r t  th e  m o lecu le  s u b s t a n t i a l l y .  S im ila r  

in t e r a c t io n s  may th e r e f o r e  e x i s t  betw een th e  N-Cl bond and th e  C-C bonds 

o f  th e  tw o-carbon  b r id g e  o f th e  a x i a l  conform er (1 4 8 ).

The n i t ro g e n  in v e rs io n  b a r r i e r  o f  th e  N -chloroam ine ( 148) was 

d e te rm in e d  u s in g  v a r ia b le  te m p e ra tu re  NMR sp e c tro sc o p y ; th e  r e s u l t  was 

VOkÆnol-l.

The s i l v e r  io n -in d u c e d  rea rran g em en t o f  N -c h lo ro tro p a n e  (148) 

h as  a l re a d y  been in v e s t ig a te d  by S c h e l l  e t  a l .^ ^  T rea tm en t o f  (148) 

w ith  m e th a n o lic  s i l v e r  n i t r a t e  and th en  sodium  b o ro h y d rid e  a f fo rd e d  a  

35% y ie ld  o f  p y r r o l i z id in e  (149) and a  45% y ie ld  o f  n o r tro p a n e  (1 1 0 ) , 

( f ig u r e  4 .3 0 ) .

Cl
\ N

(148)

1) AgNOg 
MeOH

2 ) NaBH^ •N

(149) 

Figure 4 30

NH

( 110)

The s y n th e s is  o f  n o r t r o p - 6 -en e  (111) was a tte m p te d  u s in g  an 

analogous method to  t h a t  d e v ise d  fo r  n o rtro p a n e  ( 1 1 0 ) b u t s im p ly  

o m ittin g  th e  h y d ro g e n o ly s is  s t e p .  T h is  method was a l s o  a p p lie d  to  th e  

six-m em bered analogue  in  an  a tte m p t to  s y n th e s is e  7 - a z a b ic y c lo [ 2 .2 .1 ] -  

h e p te n e .
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The u n s a tu ra te d  amido a lc o h o ls  ( 133a,b ) w ere t r e a t e d  w ith  

l i th iu m  alum inium  h y d r id e  t o  y ie ld  th e  c o rre sp o n d in g  am ino a lc c h o ls  

(150 a ,  92%; b , 97%), ( f ig u r e  4 .3 1 ) .  These compounds ap p ea red  to  be 

id e a l  c a n d id a te s  f o r  p a lla d iu m  c a ta ly s e d  c y c l i s a t i o n s ,  b u t t h i s  

n e c e s s a r i ly  r e q u ire d  a c é ty la t io n  a t  oxygen. Ifowever, t r e a tm e n t o f 

( 1 50a ,b ) w ith  a c e t i c  an h y d rid e  was found t o  le a d  t o  p r e f e r e n t i a l  

a c é ty la t io n  a t  n i t r o g e n .  S uccess o f  th e  r e a c t io n  was found to  be 

dep en d en t on c o itp le te  p ro to n a t io n  o f  th e  am ine. T hus, th e  r e a c t io n  was 

c a r r i e d  o u t  in  th e  p re se n c e  o f  1 . 1  e q u iv a le n ts  o f t e t r a f l u o r o b o r i c  a c id ,  

fo llo w ed  by c a r e f u l  w ork-up t o  a v o id  O t o  N a c e ty l  m ig r a t io n .  

N e v e r th e le s s ,  r e a c t io n  o f  th e  a c e ta t e s  ( 151a,b ) w ith  P d (PH1 3 ) 4  in  th e  

p re se n c e  o f  t r i e t h y lam ine f a i l e d  to  induce c y c l i s a t i o n .

;CH,)n 0 (CHJn (CHJn

HO— ( >»NHCPh — - > H O » /  V -N H C H Ph - ^ ^ ^ A c O — \ - NHCH. P h
HBF,

(1331 (ISO) (151)

a ;  n = 2

Figure 4-31

T rea tm en t o f  ( 150a,b ) u s in g  th e  p re v io u s ly  d e v ise d  c y c l i s a t i o n  

c o n d i t io n s ,  i . e .  r e a c t io n  w ith  th io n y l  c h lo r id e  a t  room te n p e r a tu r e  and 

su b seq u en t tre a tm e n t w ith  p y r id in e ,  f a i l e d  to  g iv e  th e  d e s i r e d  b ic y c l ic  

am ines . The r e a c t io n  y ie ld e d  s e v e r a l  p ro d u c ts  w hich w ere n e i th e r  

s e p a ra te d  no r i d e n t i f i e d  s in c e  th e  NMR s p e c tr a  o f  th e  c ru d e  p ro d u c ts  

d id  n o t in d ic a te  th e  p re se n c e  o f  n o r t r o p - 6 -en e  and th e  six-m em bered 

an a lo g u e  w hich would have been e a s i l y  i d e n t i f i a b l e  due to  th e  symmetry 

o f  th e  sy s tem s .

'2
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One re a so n  fo r  th e  f a i l u r e  o f  th e s e  r e a c t io n s  m ight be th e  

p re s e n c e  o f  th e  h i ^ l y  r e a c t iv e  a l l y l i c  system  and so  m ild e r  c y c l i s a t i œ  

c o n d i t io n s  w ere s o u ^ t .  (150b) was t r e a t e d  w ith  th io n y l  c h lo r id e  a t  a  

low er te n p e r a tu r e  (0 % )  and su b se q u e n tly  exposed to  th e  m ild  h e t e r o 

geneous b a s e , p o ta ss iu m  c a rb o n a te , b u t  t h i s  was a l s o  u n s u c c e s s fu l .  

However, i t  i s  w e ll  known t h a t  c e r t a in  h e te ro g e n e o u s  r e a c t io n s  b e n e f i t  

c c n s id e ra b ly  vhen conducted  in  th e  p re se n c e  o f  u l t r a s o u n d . T hus, a f t e r  

r e a c tic x i  w ith  th ic x iy l c h lo r id e  a t  CAC, th e  r e a c t io n  m ix tu re  was 

s c n ic a te d  in  th e  p re se n c e  o f  p o ta ss iu m  c a rb o n a te . The r e a c t io n  a f fo rd e d  

th e  d e s i r e d  N -b e n z y ln o r tro p - 6 -e n e  (152) i n  45% y i e l d  acco n p an ied  b y  20% 

o f  th e  a z i r i d in e  (153) w hich a ro s e  from 1 , 2 - c y c l i s a t i o n ,  ( f ig u r e  4 .3 2 ) .

CH,Ph 
5
N

HO- O -
(150b)

NHCHjPh
1) soa
2 ) K,CO,

sonication

(152)

O NCHoPh

(153)

Figure 4 32

The e jq jerim ent was re p e a te d  in  th e  p re se n c e  o f  ex ce ss  l i th iu m  

c h lo r id e  in  th e  hope t h a t  th e  p ro v is io n  o f  more c h lo r id e  io n  n u c le o p h ile  

would encourage a  c le a n  b im o le c u la r  d isp la cem e n t o f  th e  in te rm e d ia te  

c h lo r o s u lp h i te .  T h is  was s u c c e s s fu l  t o  a  c e r t a i n  e x te n t ,  p a r t i c u l a r l y  

when th e  h e te ro g en eo u s  m ix tu re  was exposed t o  u l t r a s o u n d ; u n d er th e s e  

c c n d itic x is , th e  r e a c t io n  y ie ld e d  65% N -b e n z y ln o r tro p - 6 -e n e  (152) and  10% 

a z i r i d in e  (1 5 3 ). Thus, th e  o v e r a l l  y i e ld  to  s y n th e s is e  th e  t r o p - 6 -e n e  

s k e le to n  was 57%.
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Low te n p e ra tu r e  NMR sp e c tro sc o p y  in d ic a te d  t h a t  N -b en zy l-

n o r t r o p - 6 -e n e  (152) e x i s t e d  a s  two in v e rto m ers  in  th e  r a t i o  9 6 :4 , th e  

m a jo r in v e rto m e r hav ing  an  e q u a to r ia l  ben zy l g ro u p . The in v e rs io n  

b a r r i e r  was a l s o  d e te rm in e d , th e  r e s u l t  b e in g  39 .0kJm ol“ ^ .

P re v io u s  s tu d ie s  o f  th e  n i t ro g e n  in v e rs io n  b a r r i e r s  in  tro p a n e  

d e r iv a t iv e s  have been re p o r te d  by S ch n e id e r e t  a l .^ ^ ^  u s in g  th e  

te c h n iq u e  o f  low te m p era tu re  NMR sp e c tro sc o p y . T h is  te c h n iq u e  was 

a l s o  enp loyed  in  th e  d e te rm in a tic n  o f  th e  in v e rs io n  b a r r i e r s  o f  (1 4 0 ) , 

(152) and (148) (a s  m entioned  e a r l i e r ) .  T hese v a lu e s  i l l u s t r a t e  th e  

in f lu e n c e  o f  s t e r i c  and e l e c t r o n i c  e f f e c t s  on th e  m agn itude o f  th e  

in v e rs io n  b a r r i e r ,  ( t a b l e  4 .2 ) .

Table 4.2

(140)

CHgPh 

N

Inversion  B arrie r

AcVkJmor’

36 05

(152)

CH.Ph
5

39-0

(148)

Cl 

N

70" 0
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R eplacem ent o f  th e  e th a n o -b r id g e  in  (140) by a  s h o r t e r  e th e n o -  

b r id g e  a s  in  (152) r e s u l t e d  in  an in c re a s e  o f  th e  in v e rs io n  b a r r i e r  by 

a p p ro x im a te ly  3kJm ol"^. T h is  may be e x p la in e d  by th e  in c re a se d

m o le c u la r  r i g i d i t y  im parted  by th e  b r id g in g  ca rb o n  atom s which 

c o n se q u e n tly  r a i s e s  th e  an g le  s t r a i n  a t  n i t r o g e n .  Itow ever, th e  m ost 

rem arkab le  e f f e c t  was o b serv ed  when th e  benzy l group was re p la c e d  by an 

e le c t r o n e g a t iv e  c h lo r in e  atom ; th e  n it ro g e n  in v e rs io n  b a r r i e r  in c re a se d  

by a lm o s t 34kÆnol“ ^. T h is  was p ro b a b ly  due to  a  com binaticxi o f  h e te r o -  

atcm  and e l e c t r o n  re p u ls io n  e f f e c t s  (a s  e x p la in e d  in  C h ap te r 1 ) . 

U n fo r tu n a te ly ,  th e s e  in v e rs io n  b a r r i e r s  w ere to o  low t o  a llo w  th e

s te re o c h e m ic a l consequences o f  r e a c t io n s  a t  n i t ro g e n  to  be in v e s t ig a te d .

Removal o f  th e  benzy l p r o te c t in g  g ro ip  frcxn N -b e n z y ln o r tro p - 6 -  

ene (152) p roved  to  be e x tre m e ly  d i f f i c u l t .  The p r e v io u s ly  employed 

method o f  hydrogenatica i o f  (140) to  p roduce n o rtro p a n e  (110) co u ld  

o b v io u s ly  n o t be used  h e re  due to  th e  p re sen ce  o f  th e  d oub le  bond.

T rea tm en t o f  (152) w ith  v a r io u s  a l k a l i  m e ta ls  in  l i q u id  aittnonia a l l  

f a i l e d  to  c le a v e  th e  b enzy l p r o te c t in g  g ro u p , each  r e a c t io n  r e s u l t i n g  in  

th e  r e - i s o l a t i o n  o f  s t a r t i n g  m a te r i a l .  R e a c tio n s  w ith  s e v e r a l

c h l o r o f o r m â t e s ^ ® ^ t o  form th e  c o rre sp o n d in g  carb am ates  which cou ld  

th e n  be c leav ed  v ia  h y d ro ly s is  a l s o  proved  u n s u c c e s s fu l .  A gain , cxily 

s t a r t i n g  m a te r ia l  was i s o la te d  from  th e  r e a c t i o i  m ix tu re s .

B Sckvall e t  a l . r e c e n t ly  re p o r te d  th e  a p p l ic a t io n  o f i n t r a 

m o le c u la r  c y c l i s a t i o i  o f  (154) t o  p roduce  th e  t r c p a n - 3 - o l  d e r iv a t iv e  

(155),107  ( f ig u r e  4 .3 3 ) .
Ts 
S 
N 

HNTs

OBz

f
OAc

(1 5 4 ) (155)

F igure 4 33

OBz

H
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T h is  r e p o r t  a l s o  d e s c r ib e d  a  p r e p a ra t io n  o f a  to s y l  p r o te c te d  

d e r iv a t iv e  o f  n o r tro p a n e . The o v e r a l l  y i e ld  o f  N - to s y l-n o r trc p a n e  was 

33% from  1 , 3 -c y c lo h e p ta d ie n e  ; th e  n e c e ssa ry  f i n a l  d e to s y la t io n  was no t 

r e p o r te d  b u t would be e x p e c te d  to  o ccu r in  c a .  80% y i e l d .  However, th e  

r o u te  to  n o rtro p a n e  d e s c r ib e d  in  t h i s  c h a p te r  i s  b e l ie v e d  to  be th e  m ost 

p r a c t i c a l  ro u te  to  d a t e .  I t  u se s  s im p le  p ro c e d u re s  and commcxi r e a g e n ts ,  

th e  s y n th e s is  y ie ld in g  n o rtro p a n e  ( 1 1 0 ) p ro c e e d in g  in  an o v e r a l l  y ie ld  

o f  75% from  1 , 3 -c y c lo h e p ta d ie n e .

B âck v a ll a l s o  r e p o r te d  an u n s u c c e s s fu l a t te m p t to  p re p a re  th e  

n o r t r o p - 6 -en e  s k e l e t o n . 1^7 Thus d e s p i te  b e in g  u n ab le  t o  ran o v e  th e  

b e n zy l p r o te c t in g  group  from N -b e n z y ln o rtro p - 6 -e n e  (1 5 2 ) , th e  s y n th e s is  

d e s c r ib e d  in  t h i s  c h a p te r  i s  th e  f i r s t  s y n th e s is  o f a  s im p le  d e r iv a t iv e  

o f  th e  p a re n t  n o r t r c p - 6 -e n e  s k e le to n  v ^ ic h  has been a c h ie v e d  in  

s i g n i f i c a n t  y ie ld  (57%). T h is  p ro ced u re  th e r e f o r e  d e m o n s tra te s  th e  

v i a b i l i t y  o f  th e  in tra m o le c u la r  d isp la c e m e n t approach  g iv e n  an 

a p p r o p r ia te ly  n u c le o p h i l ic  n it ro g e n .



Chapter 5

R e a c t i o n s  o f  C h l o r o s u l p h o n y l  I s o c y a n a t e  w i t h

C y c l i c  T r i e n e s
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5 .  I .  INTRODUCTION

In tra m o le c u la r  n - p a r t i c i p a t i o n  in  th e  s i l v e r - i o n  a s s i s t e d  

h e t e r o ly s i s  o f  N-Cl bonds has seen  l i t t l e  s tu d y .  R e su lts  from  th e  few 

r e a c t io n s  t h a t  have been accom plished  in d ic a te  t h a t  s u i t a b ly  o r ie n t a te d  

n - e le c t r o n s  can c o n t ro l  th e  d isp la c e m e n t o f  a  n u c leo fu g e  from  n i t r o g e n .  

For exam ple, tre a tm e n t o f  th e  N -chloroam ine (5) w ith  AgClO^ in  m ethanol 

gave (16) as  th e  s o le  p ro d u c t in  94% y i e l d , t h e  c h lo r id e  io n  b e in g  

removed s p e c i f i c a l l y  from th e  m inor in v e rto m er ( 5 ) ,  ( f ig u r e  5 .1 ) .

MeOH

(5)

OMe

(16)

Figure 51

S im i la r ly ,  r e a c t io n  o f  (7) w ith  AgNOg in  m ethanol d em o n stra ted  a  

h ig h  d eg ree  o f  n - p a r t i c ip a t io n ,  th e  r e a c t io n  o c c u rr in g  v ia  th e  ex o - 

in v e rto m er to  y ie ld  (1 5 6 ) , (157) and (1 5 8 ) , ( f ig u r e  5 . 2 ) .

(7)

Cl

(156) XrCl; 42%

(157) X=OMe; 15% 

Figure 52

ONO.

A nalogous system s œ n ta in in g  an a l t e r n a t i v e  le a v in g  g roup  i . e .  a  

to sy lo x y  group  a l s o  d em o n stra te  a  h ig h  d eg ree  o f n - p a r t i c i p a t i o n ^ ^ ^ '  

109 ,110 ,111  (se e  ^ p e n d ix  1 ) .
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T hus, th e  o b je c t iv e  was to  ex ten d  th e  range  o f b ic y c l i c  am ines 

h av in g  t t - e l e c t r o n s  w hich m ight p a r t i c i p a t e  in  such  s o lv o ly s i s  r e a c t io n s  

from  n i t r o g e n .  Such u n s a tu ra te d  system s w ere o f  i n t e r e s t  f o r  o th e r  

re a s o n s  a l s o .  They would p ro v id e  an o p p o r tu n i ty  to  p robe  f u r th e r  th e  

im portance  o f  n - i n t e r a c t i o n s  cn b a r r i e r s  to  in v e rs io n  a t  n i t ro g e n  and on 

in v e rto m e r p r e f e r e n c e s .  W ith a p p ro p r ia te  s u b s t i t u t i o n  a t  n i t r o g e n ,  

th e r e  would a l s o  be an  o p p o r tu n i ty  to  in v e s t ig a t e  th e  a b i l i t y  o f  

n i t ro g e n  to  in f lu e n c e  th e  f a c i a l  s e l e c t i v i t y  shown in  r e a c t io n s  a t  

T T -bonds w ith in  th e  same m o l e c u l e .  ^^2,113 o b s e rv a tio n  t h a t  th e

n i t ro g e n  atom in  N -ca rb o e th o x y -1 , 4 - d ih y d r o - l , 4 -im in o n ap h th a len e  can p la y  

a  p a r t  in  d i r e c t in g  h y d r id e  re d u c t io n  o f th e  TrHx>nd^^4 i l l u s t r a t e s  th e  

u n e j^ e c te d  and p o t e n t i a l l y  pow erfu l in f lu e n c e  o f  n it ro g e n  in  en co u rag in g  

u n u su a l,  f a c i a l l y  s e l e c t i v e  r e a c t io n s  on TT-systems. W ith t h i s  in  m ind, 

th e  amine (1 5 9 ) , ( f ig u r e  5 .3 ) was chosen f o r  i n i t i a l  s tu d y .

(159) 
NH 

Figure 53

The p roposed  s y n th e s is  o f  such  a  sy stem  in v o lv e s  th e  c y c lo -  

a d d i t io n  o f  c h lo ro su lp h o n y l iso c y a n a te  (CSI) to  c y c lo h e p ta t r i e n e , th e  

mechanism o f  which has been a  s u b je c t  o f c o n f l i c t i n g  v iew s.

5 . I I .  SYNTEIESIS AND ATTEMPTED REARRANGEMENT OF N-CHDŒ%)-2-AZABICYC[0- 

[4.2.11N0NANE

Lactam (160) was p re p a re d  u s in g  th e  m ethodology p re v io u s ly  

d e v ise d  by M alpass^^^ ( f ig u r e  5 .4 ) .  T rea tm en t o f  c y c lo h e p ta t r ie n e  (161) 

w ith  CSI in  n i tro m eth an e  f o r  3 d ay s  a t  25°C y ie ld e d  th e  N -c h lo ro -
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su lp h o n y l la c ta m  (162) w hich a f t e r  h y d ro ly s is  w ith  sodium  h y d ro x id e  in  

aqueous a c e to n e  a t  pH 7±1 gave pure lac tam  (1 6 0 ).

f  \ *  0 = C=N-S0,CI
CH3NO2

25"C 
3 days

(161) (162)

NaOH 
pH 7 i1

(163) (160)Figure 5 4

The la c tam  (160) was p re p a re d  s u c c e s s f u l ly .  However, a t te m p ts  

to  reduce  i t  to  th e  d e s i r e d  amine (163) u s in g  v a r io u s  h y d rid e  red u c in g  

a g e n ts  were u n s u c c e s s fu l .  The p re se n c e  o f th e  n it ro g e n  atcm  in  (160) 

was p o s s ib ly  in f lu e n c in g  th e  co u rse  o f  th e  r e a c t i o n . L a t e r  

s tu d ie s  showed th a t  th e  analogous s a tu r a te d  system  underw ent s u c c e s s f u l  

la c tam  re d u c t io n  to  form th e  co rresp o n d in g  am ine, th u s  i i tp ly in g  t h a t  th e  

u n s a tu ra te d  la c tam  (160) was a  s u b je c t  o f sy m b io s is .

These u n p ro d u c tiv e  r e a c t io n s  n e c e s s i t a te d  r e - d i r e c t ic x i  tow ards 

an  a l t e r n a t i v e  o b je c t iv e .  Thus, th e  u n s a tu ra te d  la c tam  (160) was 

hydrogenated  o v e r  a  p a lla d iu m  on c h a rc o a l c a t a l y s t  to  y i e ld  (1 6 4 ) , w hich 

was su b se q u e n tly  reduced  w ith  l i th iu m  alum inium  h y d rid e  to  g iv e  th e  

s a tu r a te d  am ine (1 6 5 ) , ( f ig u r e  5 .5 ) .
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H,

Pd/C
0 LIAI H.

( 160) (164) 

Figure 5 5

(165)

C h lo r in a t io n  o f  (165) gave th e  c o rre sp o n d in g  N -ch lo roam ines • 

The n i t r o g e n  in v e rs io n  b a r r i e r  was ex p ec ted  to  be to o  lew to  a llo w  th e  

s te re o c h e m ic a l  consequences o f  r e a c t io n  a t  n i t r o g e n  to  be o b se rv e d . 

A lso r th e  in v e rto m er r a t i o s  were n o t d e te rm in ed  s in c e  any h e t e r o ly s i s  

w ould p resum ably  p ro ceed  v ia  th e  more r e a c t iv e  e x o -in v e r to m e r (1 6 6 ). 

R e a c tio n  w ith  s i l v e r  io n  in  th e  p re se n c e  o f m ethano l m igh t re a so n a b ly  be 

e x p e c te d  to  induce c - p a r t i c i p a t i o n  and su b se q u en t in c o rp o ra t io n  o f a  

)nnethoxy group  to  g iv e  th e  rea rran g em en t p ro d u c t (1 6 7 ) ,  ( f ig u r e  5 .6 ) .

MeOH

MeO
(166) (167)

Figure 5 6

However, r e a c t io n  w ith  a  m e th an o lic  s o lu t io n  o f s i l v e r  n i t r a t e  

gave o n ly  th e  d e c h lo r in a te d  p ro d u c t (1 6 5 ), th e  am ine p resum ab ly  b e ing  

form ed v ia  h em o ly sis  ( s e e  C h ap te r 2 ) .

S im ila r  p roblem s w ere en co u n te red  by S c h e l l  e t  a l . ^ ^ in  an 

a t t e n p t  to  induce o -^ p a r t ic ip a t io n  in  th e  N -ch lo roam ine (1 6 8 ) . However, 

a  method was d e v ise d  w hich m inim ised th e  p ro d u c tio n  o f  seco n d ary  

am ines . T h is  in v o lv ed  ex posu re  o f th e  N -ch loroam ine (168) t o  s i l v e r  

t e t r a f lu o r o b o r a t e  in  an  a p r o t i c  s o lv e n t  and i s o l a t i o n  o f  th e
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p r e c i p i t a t e d  iirnionium ion  (1 6 9 ). The r e s u l t i n g  m a te r ia l  was 

su b se q u e n tly  reduced  w ith  sodium  b o ro h y d rid e  to  p roduce  6 -c o n ic e in e  

(170) in  92% y ie ld ,  ( f ig u r e  5 .7 ) .

I V NaBH4^
benzene

(168)

Figure 5 7

T hus, th e  N -chloroam ine (166) was t r e a te d  w ith  AgBF^ in  

to lu e n e .  Dry m ethanol was su b se q u e n tly  added in  o rd e r  to  i n t e r c e p t  th e  

a n t i c ip a te d  iirnionium ion  by a t ta c k  o f  a methoxy group  to  form  (167 ). 

N e v e r th e le s s ,  th e  o n ly  i s o la te d  p ro d u c t was th e  p a re n t  am ine (1 6 5 ) , th u s  

ii tp ly in g  t h a t  hem olysis  o f (166) was s u c c e s s f u l ly  c c n p e tin g  w ith  

h e t e r o l y s i s .

5 . I I I .  REACTION OF CHLC«06ULPB0NYL ISOCYANATE WTIH CYCLIC TRIENES:

A REINVESTIGATION
A lthough th e  r e a c t io n  o f  CSI and c y c lo h e p ta tr ie n e  has been  shown 

n o t to  be a  v ia b le  ro u te  to  b ic y c l i c  am ines due to  d i f f i c u l t i e s  in  

re d u c t io n  o f th e  la c ta m , th e  mechanism o f th e  r e a c t io n  i t s e l f  i s  w orthy 

o f  f u r th e r  in v e s t ig a t io n .  Ih e  r e a c t io n  o f  CSI and t r i e n e  sy stem s has 

been a s u b je c t  o f  c o n te n tio n .

M a lp a ss ll5  in v e s t ig a te d  th e  r e a c t io n  o f  CSI and c y c lo h e p ta t r ie n e  

and proposed  a  mechanism in v o lv in g  a  d ip o la r  a d d i t io n  o f  th e  re a g e n ts  

w hich p ro ceed  a lo n g  a  s te p w ise  p a th  c u lm in a tin g  in  th e  fo rm a tio n  o f  a 

N -ch lo ro su lp h o n y l lac tam  v ia  1 , 6 - a d d i t i o n , (f  ig u re  5 .8 ) .



-  I l l  -

(161)
N

(174)
SO,Cl

%

(173)

Figure 5 8

(172)

SO^Cl

(171)

SO^Cl

b; X=H

By m o n ito rin g  th e  r e a c t io n  by in f r a - r e d  s p e c tro s c o p y , i t  was 

deduced th a t  r e a c t io n  o f  eq u im o lar q u a n t i t i e s  o f  c y c lo h e p ta t r ie n e  and 

CSI in  CCI4  p roduced  th e  im in o lac to n e  (171) o v e r a  p e r io d  o f  d ay s , 

c u r in g  th e  co n v erio n  t o  (1 7 1 ), a  sm a ll and a p p a re n t ly  s t a t io n a r y  

c o n c e n tra t io n  o f N -ch lo ro su lp h o n y l (3-lactam  (172) was o b se rv e d . 

S u b seq u en tly , a  new peak a t  1772cm" 1 which was a s s ig n e d  to  (173a) grew 

w ith  tim e and u l t im a te ly  became th e  m ajor p ro d u c t .  R e a c tio n  in  CCI4  a t  

r e f lu x  f o r  7 days y ie ld e d  (173a) in  a p p ro x im a te ly  50% y i e l d .  However, 

c o n v e rs io n  o f (171) i n t o  (173a) was ach iev ed  m ost e f f i c i e n t l y  by th e  use 

o f  a p o la r  s o lv e n t .  In  f a c t ,  r e a c t io n  in  n i  trom e th an e  f o r  2 days a t  

25°C y ie ld e d  (173a) w hich was uncon tam inated  w ith  (1 7 1 ) . H y d ro ly s is  of 

(173a) w ith  sodium h y d ro x id e  in  aqueous a c e to n e  a t  pH 7±1 gave p u re  

(173b) in  50% y ie ld .
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Thus, a  d ip o la r  a d d i t io n  o f  CSX was p rop o sed  \4 iich  seems 

re a s o n a b le  in  v iew  o f  th e  c o n s id e ra b le  s t a b i l i s a t i o n  a v a i l a b l e  to  th e  

c a t i o n i c  c e n t r e  in  (1 7 4 ). I t  was a l s o  e s ta b l i s h e d  t h a t  (173a) was th e  

u l t im a te  p ro d u c t o f  therm odynam ic c o n t r o l .

T h is  s te p w ise  co n v e rs io n  shou ld  be g e n e ra l .  However, i t  i s  m t  

re c o g n ise d  by M o r ic o n i .^ ^ ^ 'l^ ^  A d d itio n  o f CSX t o  eq u im o la r amounts 

o f  7 - s u b s t i tu t e d  c y c lo h e p ta tr ie n e s  (175) in  d ic h lo ro n e th a n e  were 

r e p o r te d  t o  y ie ld  o n ly  th e  N -ch lo rosu lphony  1 im ino la c to n e s  (176) w hich 

on a lk a l in e  h y d ro ly s is  in  a c e to n e  gave th e  la c to n e s  (1 7 7 ) , ( f ig u r e  5 .9 ) .

R \^ H

CSI

(175)

a; R=H
b ;  R r C g H s

c; R=*Bu

(176)

NaOH

(177)

Figure 5 9

T hus, he p roposed  a  mechanism in v o lv in g  an  i n i t i a l  n e a r 

c o n c e r te d  a t ta c k  to  g iv e  (3-lactam  (1 7 8 ), ( f ig u r e  5 .1 0 ) .  Ring open ing  o f

CSI

so,Cl

N -SO,Cl

(175) (178)
(179)

1

Figure 5 1 0
(176)

SO,Cl
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th e  p - la c ta m  p ro d u ces  a  p e n ta d ie n y l c a t io n  (179) w hich upon r in g  c lo s u re  

a t  C-6 g iv e s  th e  o b served  p ro d u c ts  (1 7 6 ).

However, M oriconi reco rd ed  no ev id en ce  f o r  (3-lactam  fo rm atio n  

a n d , more im p o r ta n t ly ,  f a i l e d  to  c o n s id e r  th e  p o s s i b i l i t y  o f  co m p le tio n  

o f  th e  sequence by co n v e rs io n  to  a  la c tam  p ro d u c t d e s p i t e  th e  

o b s e rv a t io n  o f  la c tam s by o th e r s  and even in  h i s  own w ork. Thus, 

M oriconi has d en ied  r e c o g n i t io n  o f  th e  p o s s i b i l i t y  o f c o n t r o l  o v er 

c y c l i s a t i o n  pathw ays which co u ld  p e rh ap s  r e s u l t  in  s y n th e t ic  

a p p l i c a t i o n s . T h e s e  c o n f l i c t i n g  view s th e r e f o r e  i n i t i a t e d  f u r th e r  

i n v e s t ig a t io n .

5 . IV . REACTION Œ  CHIX»06l)LPH0NYL ISOCYANATE WITH 7-^rBUTYLCYCIO-

h epta tr ibœ ;

When M oriconi r e a c te d  7 - t - b u ty lc y c lo h e p ta t r ie n e  w ith  CSI, 

su b se q u en t a l k a l in e  h y d ro ly s is  y ie ld e d  o n ly  20% o f  th e  la c to n e  

(1 7 7 c ) .117 No o th e r  p ro d u c ts  were c b se rv e d . T h e re fo re ,  f u r t h e r  s tu d y  

o f t h i s  r e a c t io n  was u n d e rta k e n .

T ropylium  f lu o ro b o ra te  (180)119 was p re p a re d  by tre a tm e n t o f 

c y c lo h e p ta t r ie n e  w ith  phosphorus p e n ta c h lo r id e  and th e n  f lu o r o b o r ic  

a c id ,  ( f ig u r e  5 .1 1 ) .  R eac tio n  o f (180) w ith  sodium m ethoxide in  d ry  

m ethanol y ie ld e d  7-m e th o x y c y c lo h e p ta tr ie n e  ( 1 8 1 ) 1 2 0  w hich was 

su b se q u e n tly  t r e a te d  w ith  t - b u t y l  magnesium c h lo r id e  to  g iv e  7 - t - h u t y l -  

c y c lo h e p ta tr ie n e  (1 7 5 c ) .117
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H OMe

1) PCI

2) HBI;

_ NaOMe
BF, ------------►

 ̂ MeOH

(180)

i’BuMgCl

BuMgQ

Figure 5 11 (175c)

R eac tio n  o f  eq u im o la r q u a n t i t i e s  o f  CSI and 7 - ^ - b u ty lc y c lo -  

h e p ta t r ie n e  in  d ich lo ro m eth an e  a t  25%  y ie ld e d  u n e x p e c te d ly  7 - t 4 3 u t y l - 2 -  

N -ch lo ro su lp h o n y l-c a rb o x am id o -1 , 3 , 5 - c y c lo h e p ta t r ie n e  (182) as  th e  m ajo r 

p ro d u c t,  ( f ig u r e  5 .1 2 ) .  R e p e t i t io n  o f  t h i s  r e a c t io n  in  a  more p o la r  

s o lv e n t ,  n i t r a n e th a n e ,  a g a in  gave (182) a s  th e  m a jo r p ro d u c t .

CSI
CONHSO,a

(175c) (182)
Figure 5*12

The s t r u c t u r e  o f (182) was con firm ed  by h ig h  f i e l d  NMR w ith  

th e  a id  o f  s e l e c t i v e  d eco u p lin g  e x p e rim e n ts  ( t a b l e  5 .1 ) .
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TABLE 5 .1

tBu a b c d NH 0 f

1.07 - - - - - - - ^Bu

1.27 7 .0 6.0 1.5 - - - a

Ha ^Bu 
Hk. V /  U

5.42 - 9.0 - - - b

6.26 - - - - c

H d - ^

6 .28 - 5.7 - d

e "f

[ONHSOzU 6.50 - - NH

H 6.93 11.1 e

( 182) 7.07 f

C h a n ic a l s h i f t s  (ppn) a lo n g  d ia g o n a l 
C o u p li i^  c o n s ta n ts  (Hz) o f f - d ia g o n a l  
ÔH (300MHz, CDCI3 )

The in f r a - r e d  spectrum  e x h ib i te d  two s tro n g  b an d s; a t  3420 and 

1725cm"'^ v e r i f y in g  th e  p re sen ce  o f  th e  N -ch lo ro su Ip h o n y lam id e  g roup .

F u r th e r  s u b s t a n t i a t i o n  o f  th e  s t r u c t u r e  was o b ta in e d  by r e a c t in g  

(182) w ith  t r ie th y la m in e  to  p roduce th e  co rre sp o n d in g  n i t r i l e  ( 1 8 3 ) ,2 1  

( f ig u r e  5 .1 3 ) .  The s t r u c t u r e  o f  th e  p ro d u c t was confirm ed  by %  NMR and 

i n f r a - r e d  sp e c tro sc o p y ; th e  c h a r a c t e r i s t i c a l l y  low n i t r i l e  a b s o rp tio n  a t  

2200cm” ^ v e r i f y in g  t h a t  th e  n i t r i l e  group was indeed  in  c o n ju g a tio n  w ith  

th e  d oub le  bond.

t,Bu

CONHSOXl

( 182)

NEt3

Figure 5 13
(183)
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The m onocyclic  s t r u c t u r e  (182) i s  p resum ably  a  p ro d u c t o f  p ro to n  

t r a n s f e r .  However, a l th o u g h  p ro to n  t r a n s f e r  p ro d u c ts  have p re v io u s ly  

been  i s o l a t e d ,  th e  p o s i t i o n  o f a d d i t io n  o f CSI in  t h i s  c a se  i s  u n iq u e . 

In  th e  r e a c t io n  o f  7 -m e th y lc y c lo h e p ta tr ie n e  and CSI, M oricon i e t  a l . 117 

i s o l a t e d  7 -m e th y l- l-c a rb o x a m id o - l, 3 , 5 -c y c lo h e p ta t r ie n e  (184) in  6% y ie ld  

p resum ab ly  v ia  a d d i t io n  o f  CSI to  th e  1 - p o s i t io n  fo llo w ed  by p ro to n  

t r a n s f e r ,  ( f ig u r e  5 .1 4 ) .

N -SO-Cl

Me
JÜ̂ CONHSÔ Cl

u
(184) 

Figure 514

However, s in c e  th e  c y c lo h e p ta tr ie n e  s k e le to n  i s  n o n ^ la n a r ,  i t  

i s  p e rh ap s  n o t s u r p r i s in g  t h a t  a d d i t io n  does n o t n e c e s s a r i ly  o c c u r a t  

th e  1- p o s i t i o n  as  th e  doub le  bonds a re  no t in  s u f f i c i e n t  ccx iju g a tio n  to  

f o m  a  s t a b l e  d e lo c a l i s e d  c a t io n ic  s p e c ie s .  A tta c k  o f  (ZSI a t  th e  

1 - p o s i t io n  may a l s o  be s t e r i c a l l y  h in d e re d , th u s  fa v o u r in g  a d d i t io n  a t  

an a l t e r n a t i v e  p o s i t i o n .  An a l t e r n a t iv e  r a t i o n a l i s a t i o n  may be sough t 

by c o n s id e r in g  a d d i t io n  o f  CSI to  th e  n o rc a ra d ie n e  form  o f  7 - ^ - b u ty l -  

c y c lo h e p ta t r ie n e , ( f ig u r e  5 .1 5 ) .  V alence tau to m erism  i s  a  w ell-know n 

dynamic p ro c e s s  in  c y c l o h e p t a t r i e n e s . 122 Thus, th e  p o s s i b i l i t y  e x i s t s  

f o r  a d d i t io n  o f  CSI t o  th e  2 -p o s i t io n  o f  th e  n o rc a ra d ie n e  v a len ce  

iso m er, th e  c a t io n ic  s p e c ie s  so  formed (185) e x h ib i t in g  g r e a t e r  

s t a b i l i s a t i o n  due to  th e  p la n a r  d ie n e  m o ie ty .
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■Bu

NHSO,Cl

U

(182)

0 = C=N — SÔCl

(185)

Figure 5 1 5

I n t e r e s t i n g l y ,  a f t e r  a l k a l in e  h y d ro ly s is  o f  th e  r e a c t io n  

m ix tu re , a  f u r th e r  m inor p ro d u c t (186) was i s o l a t e d .  The s t r u c t u r e  o f 

th e  p ro d u c t was confirm ed  by h ig h  f i e l d  NMR and s e l e c t i v e

sp in -d e c o u p lin g  e x p e rim e n ts , ( t a b le  5 .2 ) .

TABLE 5 .2

tBu Ha Hb He Hd He Hf Hg

1.05 - - - - - - - tBu

3 .4 5 12 .0 7 .5 4 .4 - 1 .5 - Ha

4.07 - - 3 .9 - 2 .2 Hb

n } bu
4 .1 3 - - - - He

5 .69 - 9 .8 - Hd

" A  F « d
5.89 0 .5 9 .8 He

H'g Hf (186)
6 .0 5 5 .3 Hf

6 .2 6 Hg

Chem ical s h i f t s  (ppm) a lo n g  d ia g o n a l 
C oupling  c o n s ta n ts  (Hz) o f f - d ia g o n a l  
ÔH (300 MHz, CDCI3 )
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A p o s s ib le  mechanism may in v o lv e  a d d i t io n  o f  CSI to  th e  

1- p o s i t i o n  o f  7 -^ -b u ty lc y c lo h e p ta tr ie n e  (187) and su b se q u en t carbén ium  

io n  re a rra n g e m e n t, such r e a c t io n s  n o t being  w ith o u t p r e c e d e n t . T hus, 

b reak ag e  o f  a  C-C bond to  form  th e  d ip o la r  s p e c ie s  (188) and a t ta c k  o f  

th e  oxygen a n io n  a t  th e  c a t io n ic  c e n tre  r e s u l t s  in  th e  fo rm a tio n  o f  th e  

f  ive-m em bered o x y g e n -c o n ta in in g  r in g  (1 8 9 ). S ubsequen t a l k a l in e  

h y d ro ly s is  y ie ld s  th e  la c to n e  (1 8 6 ), ( f ig u re  5 .1 6 ) .

to.. *Bu 0®

CSI

(187)

Bu

(188)

I

alkaline
hydrolysis

t Bu

(189)(186) 

Figure 516

An a l t e r n a t i v e  mechanism in v o lv in g  a t t a c k  o f  CSI on th e  

n o rc a ra d ie n e  form  o f  7 -^ -b u ty lc y c lo h e p ta tr ie n e  (190) i s  s u p e r f i c i a l l y  

a t t r a c t i v e  b u t t h i s  would in v o lv e  a t ta c k  o f  CSI from  th e  more h in d e re d  

fa c e  o f  th e  b ic y c lo [ 4 .1 .0 ] h e p ta - 2 ,4 - d ie n e  sy s te m , ( f ig u r e  5 .1 7 ) .

0

Bu
Bu

H
(190) (189)

Figure 5 17
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N e v e r th e le s s , in  th e  r e a c t io n  between c i s - b i c y c l o [ 6 .1 .0 ]n o n a -

t r i e n e s  and CSI e x o - a t ta c k  o f  th e  e l e c t r o p h i l e  on th e  fo ld e d

c o n fo rm a tio n  (1 9 1 ) , ( f ig u r e  5 .1 8 ) ,  was invoked in  o rd e r  to  e x p la in

c le a v a g e  o f  th e  c y c lo p ro p y l r in g  and th e  u l t im a te  s te r e o c h e m is t ry .  

P r e f e r e n t i a l  e x o -a t ta c k  a l s o  o ccu rs  in  th e  r e a c t io n  betw een CSI and

eye lo o c  t a  t e t  r a e n e .

R

Figure 5 18

- / ~  (191)

On o o ttp a riso n  w ith  r e s u l t s  o b ta in e d  by M o r ic o n i ,I I ?  i t  a p p e a rs  

t h a t  th e  r e a c t io n  o f CSI w ith  7 - t4 3 u ty lc y c lo h e p ta t r ie n e  y ie ld s  t o t a l l y  

d i f f e r e n t  p ro d u c ts  d e s p i t e  u s in g  e s s e n t i a l l y  i d e n t i c a l  p ro c e d u re s .  

T hus, i t  h as  n o t been p o s s ib le  to  rep ro d u ce  M oriconi *s r e s u l t s .  

S u b s ta n t ia l  v a r i a t io n s  in  o b se rv ed  p ro d u c ts  from  s im i la r  work in  

d i f f e r e n t  l a b o r a to r ie s  a re  n o t w ith o u t p re c e d e n t.  O th er w orkers have 

p o in te d  t o  th e  s t r i k i n g  s e n s i t i v i t y  o f  CSI r e a c t io n s  to  chan g in g  

c o n d i t io n s .

C o m p lex itie s  p resum ab ly  a r i s i n g  because o f  th e  b u lk y  _ t-b u ty l 

g roup  would demand c o n s id e ra b le  work on r e p r o d u c ib i l i ty  and s t e r e o 

c h e m is try  o f  a t ta c k  o f  C SI. Thus, th e  re a c tic x i o f  CSI and 7-m e th y l-  

c y c lo h e p ta t r ie n e  was in v e s t ig a te d .
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5 .V . REACTION OF ŒLORDSüLPHONYL ISOCYANATE WITH 7--MEmYLCïCrO- 

HEPTATRIENE

M oriconi e t  n o te d  th a t  a d d i t io n  o f CSI t o  an eq u im o la r

amount o f  7 -m e th y lc y c lo h e p ta tr ie n e  (192) in  d ich lo ro m e th a n e  a t  25°C 

p ro ceed ed  w ith  th e  fo rm a tio n  o f  th e  im in o la c to n es  (193 a , b ) .  A lk a l in e  

h y d ro ly s is  o f  (193 a ,b )  gave th e  la c to n e s  (194 a ,b )  in  33% y ie ld  a s  w e ll 

a s  a  p ro d u c t o f  p ro to n  t r a n s f e r  (195) in  6% y i e l d ,  ( f ig u r e  5 .1 9 ) .

(192)

-SO .C l

(193)

a; R = Me, R̂ = H 

b; R̂ = H, R =Me

alkaline
hydrolysis

(194)

CONH,

(195)

a; R = Me, R̂ = H 
b; R̂  = H, R̂ = Me

Figure 5*19

T h is  r e a c t io n  o f f e r e d  th e  o p p o r tu n i ty  to  c o n s id e r  th e  q u e s t io n  

o f  c o n tro l  o v e r s te p w ise  c y c l i s a t i o n  p ro c e s se s  w ith o u t th e  c o m p lic a tin g  

in f lu e n c e s  o f  th e  la r g e  b -b u ty l  g ro u p . At th e  same tim e , th e  q u e s t io n  

o f  f a c i a l  s e l e c t i v i t y  in  a t t a c k  upon th e  c y c lo h e p ta t r ie n e  system  co u ld  

s t i l l  be a d d re s s e d .
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In  th e  p r e s e n t  work, r e p e t i t i o n  o f th e  r e a c t io n  betw een CSI and 

7 -m e th y lc y c lo h e p ta tr ie n e  re v e a le d  th e  p re se n c e  o f  la c tam s c o n t ra ry  to  

M o r ic o n i 's  b e l i e f  t h a t  o n ly  o x y g e n -c y c lise d  ad d u c ts  a re  p ro d u ced . I f  

th e  s u g g e s tio n  t h a t  CSI undergoes d ip o la r  r e a c t io n s  w ith  c y c lo h e p ta 

t r i e n e s  v ^ ic h  p ro ceed  a long  a  s te p w ise  p a th  c u lm in a tin g  in  th e  fo rm atio n  

o f  N -ch lo ro su lp h o n y 1 la c tam s i s  c o r r e c t ,  th e n  i t  sh o u ld , in  p r i n c i p l e ,  

be p o s s ib le  to  i s o l a t e  th e  im in o -la c to n e  and c o n v e rt i t  to  an  N -c h lo ro -  

su lp h o n y l la c tam  by d i s s o lu t i o n  in  a  more p o la r  s o lv e n t .

H ence, 7 -m e th y lc y c lo h e p ta tr ie n e  was ^ n t h e s i s e d  v ia  th e  r e a c t io n  

o f  7 -m e th o x y - l,3 , 5 - c y c lo h e p ta t r ie n e  w ith  th e  a p p r o p r ia te ly  s u b s t i tu t e d  

G rig n a rd  r e a g e n t .  The r e a c t io n  o f  equ im o lar q u a n t i t i e s  o f  7 -m eth y l

c y c lo h e p ta t r ie n e  and CSI in  d ich lo rom e thane  was m o n ito red  ty  i n f r a - r e d  

s p e c tro s c o p y . An in f r a - r e d  a b s o rp tio n  a t  1585cm""^ ap p ea red  o v e r a 

m a t te r  o f  h o u rs  in d ic a t in g  th e  p re sen ce  o f  th e  c h lo ro su lp h o n y lim in o 

la c to n e s  (193 a , b ) ,  ( f ig u r e  5 .2 0 ) .  E v ap o ra tio n  o f th e  s o lv e n t  a t

CHJCL

(192)

Me

♦

(193a)
endo exo

9 1

Me

(196)
Figure 5 20
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red u ce d  p r e s s u re  a f fo rd e d  th e  two isom ers in  25% y ie ld  (w hich co u ld  be 

s u c c e s s f u l ly  co n v e rte d  to  th e  co rresp o n d in g  la c to n e s  v ia  a l k a l in e  

h y d ro ly s is )  a s  w e ll a s  a  hydrogen t r a n s f e r  p ro d u c t (196) in  11% y ie l d .  

The NMR spectrum  o f  th e s e  im in o - la c to n e s  ( t a b l e  5 .3 )  e x h ib i te d  two 

m ethy l d o u b le ts  a t  61.10 and 1 .65  in  th e  r a t i o  9 :1  r e s p e c t iv e l y .  The 

d o u b le t a t  61 .10  was a s s ig n e d  to  th e  endo-m ethyl g ro u p  (193a) s in c e  i t  

was s i t u a t e d  o v e r  th e  d ie n e  system  and s h ie ld e d  r e l a t i v e  t o  th e  

exoM nethyl g ro u p  (193b) a t  6 1 .6 5 .

The p re fe re n c e  f o r  th e  e n d o -o r ie n ta t io n  o f  th e  m e thy l g roup  in  

th e  7 -m e th y lc y c lo h e p ta tr ie n e  a d d u c ts  was u n ex p ec ted . 7 - S u b s t i tu te d  

c y c lo h e p ta t r ie n e s  e x i s t  as  e q u i l ib r iu m  m ix tu re s  w ith  a x i a l  and 

e q u a to r ia l  s u b s t i t u e n t s ^ 2 6  and i t  has been  shown t h a t  th e r e  i s  a  

p re fe re n c e  f o r  th e  co n fo rm a tio n  w ith  th e  s u b s t i tu e n t  e q u a t o r i a l ,  th e  

f r e e  en erg y  o f  in te rc o n v e r s io n  b e in g  a p p ro x im a te ly  4kCfinol*“^ . T hus, i t  

a p p e a rs  t h a t  th e  ad d u c t has been d e r iv e d  from th e  l e s s  s t a b l e  a x ia l  

co n fo rm er, ( f ig u r e  5 .2 1 ) .

Me

(193)
major

(endo)

N-SOjCl

(192)
minor

(ax ia l)

H

(193) 
minor 

( exo)

(192)

Figure 5 21

major 

( equatorial )
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However, on f u r th e r  c o n s id e ra t io n  t h i s  seems re a s o n a b le  in  view  

o f  s t e r i c  e f f e c t s .  The app roach  o f  CSI to  th e  m inor confo rm er i s  

s i g n i f i c a n t l y  more f a c i l e ,  th u s  r e a c t io n  o ccu rs  p r e f e r e n t i a l l y  v ia  th e  

l e s s  s t a b l e  con fo rm er.

The im in o la c to n e s  (193 a ,b )  were su b se q u e n tly  d is s o lv e d  in  

a c e t o n i t r i l e  and th e  r e a c t io n  m on ito red  ty  i n f r a - r e d  s p e c tro s c o p y . An 

i n f r a - r e d  a b s o rp tio n  a t  1760cm"^ grew  w ith  tim e and u l t im a te ly  became 

th e  m ajo r p ro d u c t .  T h is  new peak  was a ss ig n e d  to  th e  N -ch lo ro su lp h o n y  1 

la c ta m s  (197 a , b ) ,  ( f ig u r e  5 .2 2 ) ,  th e  s t r u c tu r e s  b e in g  co n firm ed  by 

NMR s p e c tro s c o p y , ( t a b l e  5 .3 ) .

CH3CN 
— - — ►

alkaline 
N—SOgCI hydrolysis.

(197)(193)

a; R^rMe, R‘=H

b; r ’ cH, R%Me F igure 5 22

The co n v e rs io n  o f  N -c h lo ro su lp h o n y lim in o la c to n e  (193) t o  

N -ch lo rosu Iphony1 lac tam  (197) was v i r t u a l l y  q u a n t i t a t i v e .  A lk a lin e  

h y d ro ly s is  in  aqueous a c e to n e  a t  pH 6-7 and su b se q u en t p u r i f i c a t i o n  by 

f l a s h  chrom atography a f fo rd e d  th e  lac tam s (198) in  th e  r a t i o  5 :1 ,  th e  

m ajo r isom er b e a r in g  an endo-m ethy l g roup .

NMR d a ta  f o r  th e  m ajor isom ers a re  quo ted  ( t a b le  5 .3 ) .  The 

s ig n a l s  due to  th e  endo and exo m ethyl g roups were c l e a r l y  a s s ig n a b le .
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T hus, M o rico n i' s  p ro p o sa l t h a t  th e  im in o la c to n e  was th e  therm o

d y n am ica lly  c o n t r o l le d  p ro d u c t o f  c y c l i s a t i o n  i s  c l e a r l y  unfounded . 

Longer r e a c t io n  tim es o r  d i s s o lu t io n  o f th e  imi n o la c to n e  in  a  more p o la r  

s o lv e n t  r e s u l t s  in  th e  fo rm a tio n  o f  a  N -ch lo ro su lp h o n y  1 la c ta m , t h i s  

b e in g  th e  u l t im a te  p ro d u c t o f therm odynamic c o n t r o l .

The ju d ic io u s  ch o ice  o f  s o lv e n t  and r e a c t io n  tim e a lo n g  w ith  

c a r e f u l  m o n ito rin g  has been shown to  e x e r t  c o n t ro l  o v e r th e  a d d i t io n  o f 

e i t h e r  th e  C=0 o r  C=N m oie ty  a c ro s s  th e  te rm in i  o f  th e  t r i e n e  u n i t  

th e re b y  d e m o n s tra tin g  th e  s y n th e t ic  u t i l i t y  o f th e  C S I - tr ie n e  r e a c t io n s .



Appendix 1

S y n t h e s i s  a n d  C h e m i s t r y  o f  N - T o s y l o x y - 1 , 4 -  

d i h y d r o - 1 , 4 - i m i n o n a p h t h a l e n e
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A i . i .  in rn o jo c T iQ j

The s o lv o ly s e s  o f  many b i c y c l i c  N -ch lo roam ines u s in g  s i l v e r  

s a l t s  t o  t r y  t o  ind u ce  h e t e r o ly s i s  o f  t h e  N-Cl bond have b een  s tu d ie d .  

However, h o m o ly tic  r e a c t io n s  o f te n  i n t e r f e r e  and so  a l t e r n a t i v e  le a v in g  

g ro u p s h av e  b een  s o u g h t. A to s y lo x y  g roup  was c o n s id e re d  to  be  an  id e a l  

c a n d id a te  and h a s ,  o f  c o u rs e , b een  w id e ly  s tu d ie d  in  carbon  sy s tem s , th e  

conpounds u n d erg o in g  f a c i l e  i o n i s a t io n ,  th e re b y  p ro v id in g  s u p e r io r  

s o lv o ly s i s  p r e c u r s o r s .

The to s y lo x y  g roup  h a s  a l s o  been  u sed  as  a  le a v in g  g roup  in  th e  

rea rran g e m en t o f  2 - a z a b ic y c le s . H eesing  e t  a l . a n a ly se d  th e  

rea rran g e m en t o f  th e  2 -a z a b ic y c lo [2 .2 .1 ]h e p ta n e  and h e p t -5 - e n e  sy s tem s . 

R e a c tic n  o f  th e  hydroxy  lam ine  (199) w ith  t o s y l  c h lo r id e  p ro cee d ed  w ith  

sp o n tan eo u s rea rran g e m en t o f  th e  p r im a r i ly  e s t a b l i s h e d  N -to sy lo x y  

conpound (200) in t o  th e  l - a z a b ic y c lo [ 2 .2 .1  ]h e p ta n e  d e r iv a t iv e  (201), 

( f ig u r e  A l . l ) .

(199)

TosCl

NaOH, CHgCN

OTos -
OTos

( 200) ( 201)

5 0 %
Figure ATI

When th e  to s y l a t i o n  o f  (199) was c a r r i e d  o u t u s in g  m ethano l as  a  

s o lv e n t ,  th e  rea rran g e m en t p ro d u c t (201) was form ed a s  w e ll  as  a  sm a ll 

q u a n t i ty  o f  th e  re a r ra n g e d  co ipound  (202) in c o rp o r a t in g  a  m ethoxy g roup , 

( f ig u r e  A 1 .2 ) .

OMe (202)

Figure AT2
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F u r th e r  re p o r ts ^ ^ ^  su g g e s te d  t h a t  th e  to s y lo x y  g ro u p  encourages 

h e t e r o l y s i s ,  in c lu d in g  th e  r e s u l t s  n o te d  b y  F le u ry  e t  a l . I l l  in  w hich 

th e  2 - a z a b ic y c lo [2 . 2 . 2 ]o c te n e  sy stem  (203) underw ent rea rran g e m en t 

q u a n t i t a t i v e l y  t o  a f f o r d  th e  isom er (2 0 4 ), ( f ig u r e  A 1 .3 ) .

N C ^ C N

S P."  >
reflux " 'X ]

(203) (204)

Figure AI 3

Thus, th e  N -to sy lo x y  d e r iv a t iv e  o f  1 ,4 - d ih y d r o - l , 4 - im in o -

n a p h th a le n e  (2 0 5 ), ( f ig u r e  A 1 .4 ) , was s y n th e s is e d  and i t s  s o lv o ly t ic  

b e h a v io u r  in v e s t ig a te d  w ith  th e  in t e n t io n  o f  co n p a rin g  th e  p ro d u c ts  o f  

th e  r e a c t io n  w ith  th o s e  from  th e  s o lv o ly s i s  o f  th e  c o rre sp c n d in g

N -c h lo ro  coirpound. The m e c h a n is tic  c o r r e l a t i o n  c o u ld  b e  in v e s t ig a te d

w hich m igh t, p e rh a p s , c o n firm  id e a s  on h e t e r o ly s i s  and n - p a r t i c i p a t i o n .

OTos

Figure A1 4

(205)

A l . I I .  SÏNIHESIS AND REACTICNS OF N-T06YLCDŒ-l,4-DIHYDm-l,4-IMINO  

NAPHIHMaJE (205 )

T rea tm en t o f  amine (9 b ) , ( f ig u r e  A 1 .5 ) , w ith  b en zo y l p e ro x id e  in  

th e  p re se n c e  o f  b a se  a f fo rd e d  th e  N -benzoyloxy d e r iv a t iv e  (206) in  good 

y i e ld  (86%). A lk a l in e  h y d ro ly s is  y ie ld e d  th e  N -hydroxylam in e  (207) 

w hich was su b se q u e n tly  c o n v e rte d  t o  th e  N - to s y lo ]y  d e r iv a t iv e  (205) when 

t r e a t e d  w ith  to s y l  c h lo r id e  in  th e  p re se n c e  o f sodium  h y d ro x id e  powder.
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NH

(9 b )

OTos

N

(205)

( PhCOo).2/2.
NaOH
-15°C

^ Tbs Cl 

NaOH 
0°C

Figure A1*S

0
II

OCPh
>

(206)

NaOH
MeOH
-10®C

OH

N

(207)

However, a  m e th a n o lic  s o lu t io n  o f  t h e  N - to s y lo ]y  conpound (205) 

f a i l e d  t o  r e a r ra n g e  even  a t  r e f lu x .  Use o f  a  h ig h e r  b o i l i n g  a lc o h o l,  

^ b u t a n o l  a l s o  f a i l e d  t o  induce  h e t e r o l y s i s .  Thus, d ip o l a r  a p r o t i c  

s o lv e n ts  such  as d im e th y lsu lp h o x id e  and dim ethylform aitiide w ere errployed, 

b u t  a g a in , t o  no a v a i l .

In  o rd e r  t o  encourage  h e t e r o ly s i s ,  t r i f l u o r o a c e t ic  a c id  was used 

a s  s o lv e n t  due to  i t s  h ig h  io n is in g  pow er. However, t h i s  s in p ly  

p ro to n a te d  th e  amine in p e l l i n g  th e  n o le c u le  t o  r in g -o p e n  and a ro m a tise  

t o  form  th e  am inonaph tha lene  system  (2 0 8 ), ( f ig u r e  A l .6 ) .
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Thus, p re l im in a ry  in v e s t ig a t io n s  su g g e s t t h a t  th e  to sy lo x y  group  

i s  n o t a  s a t i s f a c t o r y  le a v in g  group in  th e  s tu d y  o f th e  h e t e r o ly s i s  o f 

7 - a z a b ic y c lo [ 2 .2 .1 ] h ep ten e  d e r i v a t i v e s .



Appendix 2

NMR S p e c t r a  o f  B i c y c l i c  A m in e s
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A 2 .I .  lOTRaCOCTigj

I t  h a s  been  o b se rv ed  t h a t  b r id g in g  atom s in  [ 2 .2 .1 ]  b i c y c l i c  

sy stem s d is p la y  u n u s u a lly  la r g e  d e s h ie ld in g  in  t h e i r  NMR s p e c t r a ,  ( t a b l e  

A 2 .1 ) .

T a b le  A 2 .1 . Chem ical S h i f t s  o f  7 - P o s i t i c n  Atom (ppm)

128

38 4

129

85*5 110*0 192*5

130

«Si
131

22 0
Me Me

Ph

Ph I COzMe 
CO; Me

137*0
Me Me

Ph

76*9

1470

I t  seems u n l ik e ly  t h a t  a n g le  s t r a i n  a t  t h e  7 - p o s i t io n  i s  th e  

m ajor f a c to r  fo r  t h i s  d e s h ie ld in g  jhenom enoi as atom s in  s t r a in e d  r in g s  

a r e  n o rm ally  h ig h ly  s h ie ld e d .  T a b le  A2.1 i l l u s t r a t e s  th e  dependence o f  

d e s h ie ld in g  on th e  d eg ree  o f  u n s a tu ra tiŒ i o f  th e  tw o-carb o n  b o n d s. The 

g r e a t e r  th e  u n s a tu r a t io n  in  th e  b ic y c lo C 2 .2 .1  ] h e p ty l  s k e le to n ,  th e



-  131 -

l a r g e r  th e  d o w n fie ld  s h i f t  o f  th e  atom  in  th e  7 - p o s i t io n .  A p o s s ib le  

e x p la n a tio n  f o r  t h i s  e f f e c t  may in v o lv e  g round s t a t e  p o l a r i s a t i o n  

a r i s i n g  from  a  -  n  c o n j u g a t i o n . S u c h  c o n ju g a tiv e  e f f e c t s

would g iv e  r i s e  t o  p o s i t i v e  c h a r a c te r  a t  th e  7 - p o s i t io n ,  th u s  ca u s in g  

d e s h ie ld in g ,  ( f ig u r e  A 2 .1 ).

Figure A2-1

The a c q u i s i t i o n  o f  NMR s p e c tr a  from  sa itp le s  c o n ta in in g  

a t  n a tu r a l  abundance i s  n o t sim ple^^Z  due t o  th e  low n a tu r a l  abundance 

(0.36%) and r e l a t i v e  s e n s i t i v i t y  o f  th e  n u c le u s .  T hus, i t  i s

n e c e ss a ry  t o  u se  s e n s i t i v e  h ig h  f i e l d  F o u r ie r  T ransfo rm  NMR

sp e c tro m e te rs  to g e th e r  w ith  h ig h ly  c o n c e n tra te d  sam p les . The slow  

r e la x a t io n  tim e  o f  th e  n u c le u s  n e c e s s i t a t e s  e x c e p t io n a l ly  long

s p e c t r a l  a c q u i s i t i o n  t im e s . A nother drawback i s  t h a t  N u c le a r  O verhauser 

Enhancement f a c to r s  a re  n e g a t iv e  fo r  so  t h a t  th e  s ig n a l s  become

more n e g a t iv e  w ith  p ro to n  d e c o u p lin g .

T y p ic a l ch em ica l s h i f t s  ( r e l a t i v e  t o  n itro m e th a n e )  o f  v a r io u s  

am ines^^^ a r e  q u o ted  in  t a b l e  A 2.2 .

Amine Chemical Shift (ppm)

RNH; - 325 — -380

R;NH -3 0 0  — -3 7 0

R3N -3 2 5  — -3 3 0

O "  O "  D »
-3 2 0  -3 4 2  -3 9 3

Table A2-2
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The b r id g in g  n i t r o g e n  in  7 - a z a b ic y c lo [ 2 .2 . l3 h e p ty l  d e r iv a t iv e s  

i s  u n u su a l, e x h ib i t in g  anom alously  h i ^  b a r r i e r s  t o  in v e r s io n  and e x t r a 

o rd in a ry  s o lv o ly t i c  b e h a v io u r . ISMR s tu d ie s ^ ?  r e v e a le d  t h a t  such

system s e x h ib i te d  e x t r a o r d in a r y  d e s h ie ld in g  in  th e  7 - p o s i t  io n  a s  w ith  

oxygen, phosphorus^^^  and s i l i c o n .  In  f a c t ,  th e s e  am ines

d is p la y e d  th e  lo w e s t f i e l d  s ig n a l s  y e t  re c o rd e d  f o r  seco n d a ry  and 

t e r t i a r y  am ines, ( t a b l e ,  A 2 .3 ) .

T a b le  A 2 .3 . C hem ical S h i f t s  (ppm r e l a t i v e  t o  CH:^NDs>)^^

NH
OMe

OMe

OMe

OMe
-2 1 4 -4 -251-7

Cl
)
N

OMe

OMe

( 5 2 c )

-20 0 -1  (syn) 

-2 1 8 -3  ( a n t i )

The ch lo ro am in e  (52c) was o f  p a r t i c u l a r  i n t e r e s t  s in c e  i t  

c o n s t i tu te d  th e  f i r s t  e x an p le  o f  a  system  e x h ib i t i n g  s e p a r a te  s ig n a l s  

f o r  th e  two in v e rto m e rs  a t  a  s in g le  n i t r o g e n .  P re v io u s  exa irp les  have 

in v o lv ed  d o u b le  in v e r s io n  in  b i c y c l i c  h y d ra z in e s .
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A 2 .I I .  1 %  IMR CHEMICAL SHIFTS OF VARIOUS BICYCLIC AMINES

T a b le  A 2.4  p r e s e n ts  th e  bMR s p e c t r a  accum ula ted  d u r in g  t h i s

s tu d y .

T a b le  A 2 .4 , C hem ical S i i f t s  (ppm r e l a t i v e  t o  CHi^O^)

(62a)

F

(62b)

-263 3 

NH

O

265 6 

NH
OMe

(62c)

OMe-265 -0

NCH,Ph

(140)

-305-8

(61a)

-226 8

(61b)

-225 6

(61c)

(152)

OMe

OMe
-226-2

(110)

-357-5
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Amines (1 4 0 ) , (152) and (110) a l l  p o s se s s  av erag e  b a r r i e r s  to  

n it ro g e n  in v e r s io n ,  and i n t e r e s t i n g l y ,  a l s o  have chem ica l s h i f t s

ty p i c a l  o f  seco n d ary  and t e r t i a r y  am ines.

However, a l l  th e  am ines c o n ta in in g  a  b r id g in g  n it ro g e n  a t  th e  

7 -p o s i t io n  in  th e  7 -a z a b ic y c lo  [ 2 .2 .1 ] h e p ty l  d e r iv a t iv e s  d is p la y  low - 

f i e l d  1%  NMR s ig n a l s .  The d o w n fie ld  in c rem en t o f  c a .  38 ppm on 

re p la c in g  an e th a n o -b r id g e  w ith  an e th e n o -b r id g e  p a r a l l e l s  s im i la r  

t r e n d s  in  c a r b o n , ^28 p h o s p h o r u s a n d  oxygen^^^ sy s te m s . R e la t iv e ly  

l i t t l e  e f f e c t  i s  o b se rv ed  on th e  ch em ica l s h i f t  when th e

s u b s t i tu e n ts  on th e  a r y l  r in g  a re  a l t e r e d .

The d e s h ie ld in g  o f  n i t ro g e n  in  th e  7 - a z a b ic y c lo [ 2 .2 .1 ] h e p ty l  

d e r iv a t iv e s  and n o t in  th e  8 - a z a b ic y c lo [ 3 .2 .1 ] o c ty l  d e r iv a t iv e s  s u g g e s ts  

t h a t  a  c o r r e l a t i o n  e x i s t s  betw een th e  1 %  ch em ica l s h i f t s  and th e  

in v e rs io n  b a r r i e r s  a t  n i t ro g e n .



Chapter 6

E x p e r i m e n t a l
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In s tm m e a ita tio n

NMR s p e c t r a  w ere re c o rd e d  on P e rk in -E lm er EM 390 and J e o l  

JM4-PS100 s p e c tro m e te rs .  High f i e l d  NMR (300MHz) and  (75MHz) 

s p e c t r a  were re c o rd e d  on a  B ruker AM 300 s p e c tro m e te r  w h ile  ^H (40OlHz) 

s p e c t r a  were re c o rd e d  u s in g  f a c i l i t i e s  p ro v id e d  b y  th e  S .E .R .C . a t  th e  

U n iv e r s i ty  o f  W arwick. Chem ical s h i f t s  w ere re c o rd e d  in  ppm ( 6 ) 

d c w n fie ld  from  th e  i n t e r n a l  r e fe re n c e  te t r a r a e th y ls i la n e  (IM S). S ig n a l 

c h a r a c t e r i s t i c s  a re  d e s c r ib e d  u s in g  th e  fo llo w in g  s ta n d a rd  

a b b re v i a t  ic n s  ;

( s )  -  s i n g l e t ,  (d) -  d o u b le t ,  ( t )  -  t r i p l e t ,  (q) -  q u a r t e t ,

(m) -  m u l t ip l e t ,  (exch) -  ex ch an g eab le , (b r)  -  b ro a d  and co m b in a tio n s  

o f  th e s e .

I n f r a - r e d  s p e c t r a  w ere re c o rd e d  on a  P e rk in  Elmer 298 

sp e c tro m e te r  u s in g  0 . 1 mm sodium  c h lo r id e  s o lu t io n  c e l l s  o r  sodium 

c h lo r id e  p l a t e s .  Band p o s i t i o n s ,  g iv e n  i n  wavenuiribers (cm“ ^) a r e  

d e s c r ib e d  by  th e  s ta n d a rd  a b b re v ia t io n s :

(s )  -  s tro n g ,  (m) -  medium, (w) -  weak, (b r)  -  b ro a d .

R ou tine  mass s p e c t r a  w ere o b ta in e d  u s in g  a  VG M icrom ass 16B 

sp e c tro m e te r . H igh r e s o lu t io n  mass s p e c t r a  w ere o b ta in e d  v i a  S .E .R .C . 

q u o ta  from P.C.M .U. H arw ell and U n iv e r s i ty  C o lle g e  o f  Sw ansea.

E lem en ta l a n a ly se s  w ere c a r r i e d  o u t by  C.H.N. A n a ly s is  L td . ,  

Wigs tern, L e ic e s te r  and B u tte rw o rth  L a b o ra to r ie s  L t d . , Teddingtcxi, 

M idd lesex .

M e ltin g  p o in t s  w ere d e te rm in e d  u s in g  a  K o f le r  m icro  h e a t in g  

s ta g e  and a r e  u n c o r re c te d .
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T e c h n ic a l

D ie th y l e th e r  was d r ie d  o v e r sodium w ire  and th e n  d i s t i l l e d  from  l i th iu m  

alum inium  h y d r id e .

D ichlorom ethane was d i s t i l l e d  from  calc ium  h y d r id e .

P etro leum  e th e r  was d r ie d  o v e r sodium w ire  and th e n  d i s t i l l e d .

M ethanol and e th a n o l w ere d r ie d  and p u r i f i e d  w ith  magnesium and io d in e  

a s  d e s c r ib e d  by  V ogel.

T e tra h y d ro fu ra n  and to lu e n e  w ere d i s t i l l e d  frcan sod ium -benzqphenone.

A ll  o th e r  s o lv e n ts  and re a g e n ts  were d r ie d  and p u r i f i e d  a s  d e s c r ib e d  by  

P e r r in  e t  a l . l ^^

F la sh  chrcxnatography was c a r r i e d  o u t acco rd in g  to  th e  method o f  S t i l l  

e t  a l . 137 u s in g  s i l i c a  g e l  m anufactured  by  Merck and  C o ., K ie s e lg e l  60 

230-400 mesh.
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N -T r im e t h y is i ly i  p y r r o le  (28)^ ^

P y r ro le  (3 2 .6g, 0 .4 9 iro l)  and h e x a m e th y ld is i la z a n e  (43. Og, 

0 .27m ol) w ere h e a te d  u n d er r e f lu x  w ith  a  few c r y s t a l s  o f  ammonium 

s u lp h a te  fo r  6 h  under N2 » The r é a c t io n  m ix tu re  was d i s t i l l e d  th ro u g h  a  

25cm V ig reux  column y ie ld in g  (28) (4 9 .6 g , 73%) a s  a  c o lo u r l e s s  o i l :  bp  

7 2 -7 6 %  (60mm H g), l i t .  b p  71-78%  (60mm H g).

6 h  (90MEÎZ, CDCI3 ) :  0 .5  ( s ,  9H), 6 .2 5  (m, 2H), 6 .7 5  (m, 2H ).

5 ,6 ,7 ,8 -T e tr a f lu c a :c > - l ,4 -d ih y d r o - l ,4 - i in ii io n a fh th a le n e  (9a )^ ^

A s o lu t io n  o f  n r-b u ty llith iu m  (2.5M in  h ex an e , 75ml) was added 

d rqpw ise  o v e r a  p e r io d  o f  2 0 min. t o  a  s t i r r e d  s o lu t io n  o f  p e n ta f lu o r o -  

ben zen e  (3 0 .5g, 0 .18m ol) i n  d ry  d ie th y l  e th e r  (400ml) a t  -7 8 %  under 

N2 . A s o lu t io n  o f  N - t r im e th y ls i ly l  p y r ro le  (2 8 .8g , 0 .21m ol) in  d ie th y l  

e th e r  (100ml) was s u b se q u e n tly  added o v er a  f u r th e r  10 m in . The 

r e a c t i a i  m ix tu re  was a llo w ed  t o  warm to  room te m p e ra tu re  o v e rn ig h t  w ith  

s t i r r i n g ,  and th e n  poured  in to  w a te r (300m l). The p ro d u c t was e x t r a c te d  

in t o  e th e r  ( 2  x 2 0 0 ml) and th e n  th e  combined o rg a n ic  e x t r a c t s  w ere 

w ashed w ith  c o ld  2M h y d ro c h lo r ic  a c id  (2 x 200m l). The a c i d i c  e x t r a c t s  

w ere com bined, c o o led  and  c a r e f u l ly  b a s i f i e d  w ith  2M (aq ) sodium  

h y d ro x id e  s o lu t io n .  I h e  b a s ic  s o lu t io n  was r e - e x t r a c t e d  w ith  

d ic h lo ro m e th an e  ( 2  x 2 0 0 ml) and th e  o rg a n ic  l a y e r s  com bined b e fo r e  

d ry in g  ov er anhydrous magnesium s u lp h a te . The s o lv e n t was e v a p o ra te d  a t  

reduced  p r e s s u r e  t o  y i e ld  (9a) (1 6 .3g , 42%) as a  p a le  y e llo w  o i l .

6 h  (90MHz, CDCI3 ) :  2 .5 3  (b r  s ,  exch , IH ), 5 .3 7  (m, 2H ), 7 .0 7  (m, 2H ).
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N-Carix3aethaxy-5,6,7,8-tetrafluaro-l, 4-dihydrcy-l, 4—iminonaphthalene 
(29a)

A s o lu t io n  o f  (9a) (6 . 8 8 g , 32.0mmol) in  d ry  te t r a h y d r o f u r a n

(50m l) was added d ropw ise  t o  a  suspensicxi o f  sodium  h y d r id e  (80% 

d is p e r s io n ,  0 .9 7 g ) i n  te tr a h y d ro fu ra n  (10ml) u n d er N2 . A f te r  s t i r r i n g  

f o r  2h, th e  s o lu t io n  was co o led  t o  0%  and m ethyl c h lo ro fo rm a te  (3 .6 0 g , 

38,0mmol) was added d ro p w ise . The r e a c t i a i  m ix tu re  was s t i r r e d  a t  0 %  

f o r  10 min. and f o r  a  f u r th e r  1 .5 h  a t  room te m p e ra tu re . W ater (100ml) 

was added c a u t io u s ly  and th e  p ro d u c t e x t r a c te d  in to  d ic h lo ro m e th an e  

(3 X 50m l). The com bined o rg a n ic  e x t r a c t s  w ere d r ie d  o v e r  anhydrous 

magnesium s u lp h a te  and th e  s o lv e n t  e v ap o ra ted  a t  red u ced  p r e s s u r e  to  

a f f o r d  (29a) (7 .9 1 g , 90%) as  a  y e llo w  o i l .

6 h  (90MHz, CDCI3 ) :  3 .5 3  ( s ,  3H), 5 .7 5  (m, 2H), 6 . 8 8  (m, 2H ).

Vmax (CH2 C I2 ) :  3050w, 2960w, 2860w, 1760s, 1500s, 1440m, 1 3 3 5 s, 1290m, 

1245m, 2120w, 1200w, 1130m, 1090m, 1080m, 1055m, lOlOw, 990w, 970m, 

965m, 960m, 940m, 800m, 790m cm“^ .

“i/e  (%): M̂- 273 (1 0 0 ), 248 (1 6 ) , 247 ( 5 2 ), 215 ( 2 6 ) ,  214 (4 8 ) ,  189 ( 2 9 ) , 

188 (7 2 ).

N-Carbcmethoxŷ S, 6,7,8-tetra£Luoro-l, 2,3,4H:etrahydro-2-hvdroxy-l, 4^ 
indnonaphthaleiie (30a)

A s o lu t io n  o f  b o ran e  (IM in  te tr a h y d ro fu ra n ,  18ml) was added 

d ro p w ise  t o  a  s o lu t io n  o f  (29a) (4 .9 1 g , 18.0mmol) in  d ry  te t r a h y d r o 

fu ra n  (40ml) a t  0 %  under N2 . A f te r  s t i r r i n g  fo r  10 m in. a t  0 % , th e  

r e a c t io n  m ix tu re  was a llo w ed  t o  warm to  room te m p e ra tu re , s t i r r e d  f o r  a  

f u r th e r  1 .5 h , and th e n  quenched w ith  w ate r (50m l). 2M (aq ) sodium  

h y d ro x id e  s o lu t io n  ( 1 0 ml) was added, fo llo w ed  by  th e  d ro p w ise  a d d i t i o i  

o f  hydrogen  p e ro x id e  ( 6 % w /v, 9 .6 m l) . The p ro d u c t was su b se q u e n tly
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e x t r a c te d  in to  d ic h lo ro m eth an e  (3 x 50ml) and d r ie d  o v e r  anhydrous 

magnesium s u lp h a te .  The s o lv e n t  was ev^xD rated  a t  red u ce d  p r e s s u r e  t o  

a f f o r d  (30a) (4 .9 9 g , 95%) a s  a  y e llo w  o i l .

ÔH (90MEIz, CDCI3 ) ;  1 .8 3 -1 .8 7  (m, 2H), 2 .1 5  (b r s ,  exch , IH ) , 3 .6 0  ( s ,  

3H), 4 .0 0  (m, IH ), 5 .2 5  (d , J  = 4.5H z, IH ), 5 .4 0  ( s ,  IH ) .

Vmax (CH2CI2 ): 3680w, 3600w, 3500w, 3495w, 3300w, 3025w, 2955w, 2875w, 

1740s, 1500s, 1490s, 1440s, 1385m, 1360m, 1350m, 1310m, 1300m, 1245m, 

1 2 1 0 m, 1190w, 1170w cm"l.

m/g (%): 248 (9 ) ,  247 (1 0 0 ), 203 (4 8 ) , 202 (1 9 ) , 186 ( 6 ) ,  188 (1 5 ) , 162 

(7 ) .

o b se rv e d  -  H2 C=0 DH) 247.0251

c a lc u la te d  f o r  C1 0 H5 NO2 F4  247 .0251 .

N-C arbom ethaxy-5, 6 , 7 , 8 —t e t r a £ lu o r o - l  , 2 , 3 , 4 —t e t r a h y d r o - 2 - k e t o - l ,  4 — 

im in on ap h th a len e  (31a )

A s o lu t io n  o f  t r i f l u o r o a c e t i c  an h y d rid e  (5 .0 m l, 36.0mmol) in  d ry  

d ic h lo ro m eth an e  (10ml) was added t o  d ry  d im e th y lsu lp h o x id e  (3 .4m l, 

47,0mmol) d i l u t e d  w ith  d ich lo ro m eth an e  (20ml) o v e r 0 .5 h  a t  -7 8 % . A f te r  

s t i r r i n g  f o r  10 m in. below  -6 0 % , a  s o lu t io n  o f  (30a) (3 .4 7 g , 1 1 .9mmol) 

in  d ich lo ro m eth an e  (20ml) was added over 15 m in. S t i r r i n g  was c o n tin u e d  

fo r  an a d d i t io n a l  5 m in. below  -6 0 % , and th e n  th e  s o lu t i o n  was a llo w ed  

t o  warm to  room te m p e ra tu re . T rie th y la m in e  (9ml) was su b se q u e n tly  

added, th e  r e a c t io n  m ix tu re  washed w ith  w a te r  (40m l) and th e  p ro d u c t 

e x t r a c te d  in to  d ic h lo ro m eth an e  (3 x 50m l). A f te r  d ry in g  o v e r  anhydrous 

magnesium s u lp h a te ,  th e  s o lv e n t  was e v a p o ra te d  a t  red u ce d  p r e s s u r e .  

The r e s id u e  was p u r i f i e d  by  f la s h  chrom atography  (5 0 :5 0 , d ie th y l  

e th e r  :p e tro le u m  e th e r  [4 0 -6 0 % ] ) t o  y i e l d  (31a) (2 .0 6 g , 60%) a s

c o lo u r le s s  c r y s t a l s  : mp 144 -1 4 5 % .



— 140 —

6 h  (90MEÎZ, CDCI3 ) :  1 .9 8  (d , J  = 16.5Hz, IH ) , 2 .6 0  (dd, J  = 16.5Hz, J  = 

4 .5H z, IH ), 3 .2 7  ( s ,  3H ), 5 .2 5  ( s ,  IH ) , 5 .6 8  (d , J  = 4.5H z, IH ) .

ÔC (75MHz, CDCI3 ) :  3 8 .6  ( t ) ,  5 3 .6  (q ) ,  5 5 .5  (d ) ,  6 5 .9  (d ) ,  155 .3  ( s ) ,

19 9 .6  ( s ) .

Vmax (CH2 C I2 ) :  3060w, 1780s, 1730s, 1510s, 1490s, 1440m, 1350m, 1310m, 

1275w, 1250m, 1210w, 1140m, 1115w, 1060m, 1005w, 970w, 900w cm“ l .

(%): M+ 289 ( 5 ) ,  260 (1 7 ) , 248 (1 3 ) , 247 (1 0 0 ), 230 ( 5 ) ,  216 ( 2 2 ), 

203 (3 8 ) ,  202 (4 1 ) ,  188 (2 1 ) , 175 (1 2 ) , 162 (1 1 ) , 161 (1 1 ) .

Found: C, 4 9 .9 8 ; H, 2 .5 0 ; N, 4.80% . C1 2 H7 NO3 F4

r e q u i r e s :  C, 4 9 .8 4 ; H, 2 .4 4 ; N, 4.84% .

5,6,7,8-Tetraflix3ro-l,2,3,4H:etrahydro-2-ketX)--l,4-iiDinonaphthalene (32a)

T r im e th y l s i ly l  io d id e  (0 .48m l, 3.4mmol) was added d ropw ise  to  a  

s o lu t io n  o f  (31a) (0 .3 3 g , l.lm m o l)  i n  ch lo ro fo rm  (1 .5 m l) . The r e a c t io n  

m ix tu re  was h e a te d  u nder r e f lu x  f o r  4h , and th e n  d ry  m ethano l (0 .18m l, 

4.4mmol) was added. A f te r  s t i r r i n g  f o r  10 m in. a t  rœ m  te m p e ra tu re , th e  

v o l a t i l e  com ponents w ere removed a t  reduced  p r e s s u r e .  The r e a c t i c n  

m ix tu re  was su b sec ju en tly  d is s o lv e d  in  m ethanol (2 m l), sodium  m ethoxide 

(0 .0 3 g , 0 . 6 mmol) was added, and th e  m ix tu re  s t i r r e d  f o r  10 m in. The 

v o l a t i l e  oom pcnents w ere a g a in  e v a p o ra te d  a t  reduced  p r e s s u r e  and th e n

w a te r (10m l) and 2M (aq ) sodium  h y d ro x id e  s o lu t io n  (0 .5 m l) w ere added .

The p ro d u c t was e x t r a c te d  in to  d ich lo ro m eth an e  (3 x 10ml) and th e  

œ idbined  o rg a n ic  e x t r a c t s  w ere d r ie d  o v e r anhydrous magnesium s u lp h a te .  

The s o lv e n t  was evapxcrated a t  red u ced  p r e s s u re  to  y i e ld  (32a) (0 .0 8 g , 

30%) a s  a  c o lo u r le s s  o i l .

ÔH (90MHz, CDCI3 ) :  1 .9 3  (d , J  = 16.5H z, IH ), 2 .5 3  (dd , J  = 16.5H z, J  = 

4.5H z, IH ), 3 .0 3  (b r  s ,  exch , IH ), 4 .7 0  (d , J  = 4.5H z, IH ), 5 .1 3  ( s ,  

IH ).
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Vmax (CH2 CI2 ) :  3300w, 3020w, 1770s, 1500s, 1485s, 1405w, 1380w, 1355w,

1290m, 1250m, 1135m, 1120m, 1105w, 1060s, 1030w, 1005w, 990m, 930m, 

920m, 900m, 840m, 810w an“^ .

(%): 231 ( 5 ) ,  230 (8 ) ,  204 (1 1 ) , 203 (3 5 ) , 202 (1 0 0 ) , 201 (1 1 ) ,

190 (5 3 ) , 189 (9 8 ) , 188 (1 1 ) , 175 (1 9 ) , 162 (3 8 ) , 161 (1 1 ) , 143 (1 3 ) .

N -Q ilo r o -5 , 6 , 7 , 8 —t e t r a f lu o r o - 1 , 2 , 3 , 4 ^ e tr a h y d r o -2 -k e tX )- l , 4 - i in in o -  

n a p h th a len e  (3 3 a )

A s o lu t io n  o f  (32a) (0 .0 9 g , 0.26mmol) in  d ry  d ic h lo ro m e th a n e

(1m l) was t r e a t e d  w ith  NCS (0 .0 4 7 g , 0.35mmol) u n d er N2 . A f te r  s t i r r i n g  

fo r  30 m in. a t  room te m p e ra tu re , th e  s o lv e n t  was removed a t  red u ce d  

p r e s s u r e .  The r e s id u e  was t r i t u r a t e d  w ith  t r i c h lo ro f lu o ro m e th a n e , and  

f i l t e r e d  t o  remove th e  su cc in im id e  and e x c e ss  NCS. The s o lv e n t  was 

e v a p o ra te d  by  p a s s in g  a  g e n t le  s tre a m  o f  N2  o v e r  i t  t o  y i e l d  (33a)

(0 .1 8 g , 95%) a s  a  p a le  y e llo w  o i l .

6 h  (300MHz, CDCI3 ) :  sy n - (3 3 a ), 2 .2 7  (d , J  = 16.5Hz, IH ) , 2 .8 0  (dd , J

= 16.5Hz, J  = 4.5H z, IH ), 4 .8 8  ( s ,  IH ) , 5 .2 2  (d , 

J  = 4 .5H z, IH ).

a n t i -  (3 3 a ), 2 .1 6  (d , J  = 16.5Hz, IH ) , 3 .1 0  (dd , 

J  = 16.5H z, J  = 4 .5 Hz , 1H), 4 .6 9  ( s ,  IH ) , 5 .1 7  

(d , J  = 4.5H z, IH ).

(75MHz, CDCI3 ) :  sy n - (3 3 a ), 3 8 .6  ( t ) ,  7 1 .6  (d ) ,  7 7 .0  ( d ) ,  1 9 6 .8

( s ) .

a n t i -  (3 3 a ) , 32 .7  ( t ) ,  6 7 .2  ( d ) ,  7 4 .9  ( d ) ,  2 0 4 .8

( s ) .

(%): M+ 267, 265 (4 , 1 2 ) , 248 (1 3 ) , 247 (2 9 ) , 231 (2 9 ) ,  230 (6 2 ) ,

189 (1 9 ), 188 (1 0 0 ).
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l - T r i m e t h y l s i l y l - 2 , 5 -d im e th y i p y r r o le  ( 3 6 ) ^

A s t i r r e d  s o lu t io n  o f  2 , 5 -d im e th y l p y r r o le  (3 7 .6 g , 0 .4m o l) in  

d ry  d i e th y l  e th e r  (130ml) and d ry  benzene (55ml) was t r e a t e d  w ith  sm a ll 

lumps o f  p o ta ss iu m  (1 4 .Ig ,  0.36mmol) u nder N2 . The r e a c t io n  m ix tu re  was 

s t i r r e d  f o r  1 .5 h  a t  room te n p e ra tu p e  and t h a i  h e a te d  under r e f lu x  fo r  a  

f u r th e r  3h. A f te r  c o o lin g  th e  p o ta s s io - p y r r o le  s l u r r y  to  0 % , t r i 

m e th y ls i ly l  c h lo r id e  (46m l, 0 . 36mol) was added d ro p w ise . The r e a c t i c n  

m ix tu re  was s t i r r e d  o v e rn ig h t a t  room te m p e ra tu re  and th e n  f i l t e r e d .  

The s o lv e n ts  w ere e v a p o ra te d  a t  red u ced  p r e s s u r e ,  and th e  p ro d u c t 

d i s t i l l e d  t o  y i e ld  (36) (4 1 .Og, 61%) a s  a  c o lo u r le s s  o i l :  b p  9 0 -93%  

(15mm H g), l i t .  bp  9 5 -9 7 %  (15mm H g).

6 h  (90MHz, CDCI3 ) :  0 .5 0  ( s ,  9H), 2 .2 7  ( s ,  2H), 5 .8 3  ( s ,  2H ).

l ,4 -D ih y d r o -5 ,8 -d iin e th Q x y -l,4 -d iin e t3 iy l- l,4 - iin iT io n a p h th a le p e  ( 3 7 c ) ^

(37c) was p re p a re d  u s in g  a  s im i la r  roethod a s  t h a t  u sed  to

p re p a re  (9 a ) .  1 ,4-D im ethoxybenzyne [g e n e ra te d  in  s i t u  from  1 ,4 -

d im eth o x y -2 -ch lo rcb en zen e  (2 0 .2g, 0 .12m ol) and  n -b u ty l l i th iu m  (2.5M in  

h ex an e , 48m l)] r e a c te d  w ith  (36) (1 9 .6g , 0 . 12m ol) to  a f f o r d  (37c) (7 .9 g , 

28%) a s  c o lo u r le s s  c r y s t a l s :  mp 115-116% , l i t .  mp 1 12 -117% .

ÔH (90MHz, CDCI3 ) :  1 .8 7  ( s ,  6 H ), 2 .7 3  (b r  s ,  exch , IH ), 3 .6 7  ( s ,  6 H),

6 .4 3  ( s ,  2H), 6 .7 0  ( s ,  2H ).

N -C arb om eth cxxy^ l,4 -d iliyd ro-5 ,8 -d im eth oxy^ l,4" -d im eth y l-l,4 -iM L n o-  

n a p h th a len e  (3 8 c )

(38c) was prepared using a s im ilar  method to  that used to

prepare (29a). (37c) (2 .31g , lO.Ommol) reacted  w ith sodium hydride (80%

d isp ersion , 0 .31g) and methyl chloroformate (1 .13g, 11.9mmol) to  afford  

(38c) (2 .30g, 80%) as a yellow  o i l .
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(90MHz, CDCI3 ) :  2 .1 4  ( s ,  6 H ), 3 .5 0  ( s ,  3H), 3 .6 7  ( s ,  6 H ), 6 .4 7  ( s ,

2H), 6 .6 0  ( s ,  2H).

Vmax (CH2 C I2 ) :  3240w, 3105s, 2855s, 1720s, 1495m, 1415m, 1395m, 1358m,

1245w, 1170m, 1135w, 1085m, 1005m, 865m an“ l .

m/g (%): Mi- 289 (5 2 ) , 274 (2 6 ) , 263 (4 1 ) , 258 (3 7 ) , 234 (4 6 ) , 229 (3 8 ) ,

230 ( 6 7 ) ,  205 (6 1 ) , 204 (1 0 0 ) .

N -C ^lxxoetlT axy^l, 2 , 3 ,4 -i:e tra h v d r o -2 -t iv d r a x y -5 ,8 -d iip e tlio x y ^ l,4 -d iiD e t3 iy l--

l ,4 - im n n n a ] A t h a la ie  (3 9 c )

(39c) was p re p a re d  u s in g  a  s im i la r  method to  t h a t  u sed  to  

p re p a re  (3 0 a ) . (38c) (4 .4 0 g , 15.2mmol) r e a c te d  w ith  b o ran e  (IM in

te t r a h y d ro fu ra n ,  1 5 .2 m l) , 2M (aq) sodium  h y d ro x id e  s o lu t io n  (8 ml) and 

hydrogen  p e ro x id e  (6 % w /v , 8 ml) t o  y i e l d  (39c) (4 .5 8 g , 98%) a s  a

c o lo u r le s s  o i l .

6 h  (90MHz, CDCI3 ) ;  1 .8 5 -1 .9 2  (m, 2H), 1 .9 8  ( s ,  3H), 2 .0 0  ( s ,  3H ), 

2 .1 4  ( s ,  3H), 2 .4 1  (b r  s ,  exch , IH ), 3 .6 0  ( s ,  3H), 3 .6 9  ( s ,  3H), 3 .8 7  

(m, IH ), 6 .6 0  ( s ,  2H).

Umax (CH2 C I2 ) :  3670w, 3600w, 3050w, 2990w, 2940w, 1710s, 1600w, 1385w,

1340m, 1320m, 1280m, 1245s, 1225w, 1180m, 1140w, llOOw, 1050m, 990w, 

900w, 800w cm”^ .

m/g (%): Mi- 307 (2 6 ) ,  292 (1 4 ) , 276 (2 9 ) , 263 (9 2 ) ,  252 (3 3 ) , 247 (2 4 ) , 

248 (7 2 ), 205 (5 9 ) , 204 (1 0 0 ) .

N -C arbcm ethoxy-1, 2 , 3 , 4 - t e t r a h v d r o -2 - k e to - 5 , B -d d m eth oxy -l, 4 - d im e t h y l- l , 4 -  

im in on ap h th alen e (4 0 c )

Chromium t r i o x i d e  (8 .9 7 g , 8 9 .7mmol) was added t o  a  s o lu t io n  o f 

p y r id in e  (14 .5m l, 178.8mmol) in  d ry  d ic h lo ro m e th an e  (225ml) and s t i r r e d  

a t  room te n p e r a tu r e  fo r  30 m in. A s o lu t io n  o f  th e  a lc o h o l (39c) (4 .5 8 g ,
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14.9imnol) in  d ic h lo ro m eth an e  (20ml) was added in  one p o r t io n .  A f te r  

s t i r r i n g  f o r  Ih ,  th e  s o lu t io n  was f i l t e r e d  t h r o u ^  a  ooluim  o f  s i l i c a ,  

and  e lu te d  s e v e r a l  tim es  w ith  d ie th y l  e th e r .  The s o lv e n t  was ev a p o ra te d  

a t  red u ced  p r e s s u r e ,  and th e n  th e  r e s id u e  was p u r i f i e d  by  f l a s h  

ch rom atography  (5 0 :5 0 , d i e th y l  e th e r :p e tro le u m  e th e r  [4 0 -6 0 % ])  t o  y i e l d  

(40c) (2 .6 2 g , 58%) a s  a  c o lo u r le s s  o i l .

ÔH (90MHz, CDCI3 ) :  1 .97  ( s ,  3H), 2 .0 7  (d , J  = 16.5Hz, IH ), 2 .1 3  ( s ,

3H), 2 .4 0  (d , J  = 16.5H z, IH ), 3 .5 2  ( s ,  3H), 3 .6 3  ( s ,  3H ), 3 .6 7  ( s ,  3H), 

6 .6 0  ( s ,  2H).

Vinax (CH2 CI2 ): 3050w, 2995w, 2980w, 1760s, 1710s, 1600w, 1500s, 1460m,

1440m, 1385w, 1335m, 1320m, 1280m, 1240s, 1220m, 1200m, 1180m, 1140m, 

1110m, 1050m, 990w, 950w, 900w cm“^.

V e  (%): M+ 305 (4 2 ) , 290 (1 5 ) , 274 (3 2 ) , 263 (8 4 ) ,  250 (29) ,  249 (2 4 ) ,

249 (6 9 ), 205 (5 2 ) , 204 (1 0 0 ).

l,4-Diliydr<>-l,4-diniethyl-l,4^1iiri.nonaphthalene (3 7 b )^

(37b) was p re p a re d  u s in g  a  s im i la r  method a s  t h a t  u sed  to

p re p a re  (9 a ) .  Benzyne [g e n e ra te d  in  s i t u  from  2 -b rom ofluorobenzene

(1 5 .Og, 8 6 mmol) and n -b u ty l l i th iu m  (2.5M in  hexane , 3 4 .5 m l)]  r e a c te d

w ith  (36) (1 5 .2g, 79mmol) t o  a f f o r d  (37b) (8 .1 4 g , 55%) a s  a  p a le  y e llo w  

o i l .

6 h  (90MHz, CDCI3 ) :  1 .70  ( s ,  6 H ), 2 .8 7  (b r  s ,  exch , IH ), 6 .6 0  ( s ,  2H),

6 .9 3  (m, 4h ) .

N-CarbciDethoxy^l,4"-dLilivdrQxy^l,4-diiDethyl-l,4-iiiiinonaphthcLLaie {2Sb)

(38b) was p re p a re d  u s in g  a  s im i la r  method a s  t h a t  u sed  to

p re p a re  (2 9 a ) . (37b) (7 .8 9 g , 46.0mmol) r e a c te d  w ith  sodium  h y d r id e  (80%

d i s p e r s io i ,  1 .4 0 g ) and  m ethyl c h lo ro fo rm a te  (5 .2 2 g , 55.0mmol) t o  a f f o r d  

(38b) (9 .3 9 g , 89%) a s  a  y e llo w  o i l .
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ÔH (90MHz, CDCI3 ) :  2 .0 7  ( s ,  6 H), 3 .5 0  ( s ,  3H), 6 .6 0  ( s ,  2H), 6 .9 8  (m,

4H ).

^raax (CH2 C I2 ) :  3040w, 2985w, 2940w, 1710s, 1500m, 1450s, 1385m, 1340w,

1290m, 1275w, 1220w, 1140w, 1125w, 1095w, 1060m, 995w, 950w, 910w cm"^. 

^ / e  (%): M+ 229 (3 1 ) ,  214 (2 8 ) , 204 (4 1 ) , 203 (8 2 ) , 200 (2 9 ) , 170 (4 6 ) ,

145 (6 1 ) , 144 (1 0 0 ) .

N -C arixanetlioxv^l, 2 , 3 ,4 - - t e t j a h y d r o -2 -h y d r o x y - l ,4 -d i i i ie th y l- l ,4 - i i i i i i io -  

n a p h th a len e  (39b)

(39b) was p re p a re d  u s in g  a  s im i la r  method a s  t h a t  u sed  to  

p re p a re  (3 0 a ) . (38b) (3 .9 1 g , 17.1mmol) r e a c te d  w ith  b o ran e  (iM in

te t r a h y d ro fu ra n ,  1 7 .1 m l) , 2m (aq) sodium  h y d ro x id e  s o lu t io n  (10m l), and 

hydrogen  p e ro x id e  (6 % w /v , 9ml) to  y i e ld  a  y e llo w  o i l .  P u r i f i c a t i o n  by  

f l a s h  chrom atography (2 0 :8 0 , d ie th y l  e th e r  : p e tro le u m  e th e r  [4 0 -6 0 % ] ) 

y ie ld e d  (42) (0 .5 3 g , 20%) a s  a  c o lo u r le s s  o i l .

ÔH (300MEÎZ, CDCI3 ) :  2 .6 2  ( s ,  6 H ), 7 .5 -8 .0  (m, 6 H ).

Vmax (CH2 CI2 ) :  3065w, 3020m, 2958s, 2920s, 2860s, 1600m, 1510w, 1480m,

1445s, 1365m, 1255m, 1230m, 1070m, 1060m, 1045m, 1020m, 940m cm“ l .

^ / e  (%): ^  156 (1 0 0 ), 154 ( 6 ) ,  153 (1 0 ) , 142 (1 7 ) , 141 (9 6 ) , 128 (5 4 ),

127 (1 3 ) , 105 (2 0 ) .

F u r th e r  e l u t i o n  o f  th e  oolumn y ie ld e d  (39b) (2 .9 5 g , 71%) a s  a  

p a le  y e llo w  o i l .

ÔH (90MHz, CDCI3 ) :  1 .6 5 -1 .7 5  (m, 2H), 1 .8 5  ( s ,  3H), 1 .9 0  ( s ,  3H),

2 .7 0  (b r  s ,  exch , IH ), 3 .5 5  ( s ,  3 h ), 3 .9 5  (m, IH ), 7 .0 0 -7 .2 3  (m, 4H ). 

Umax (CH2 C I2 ) :  3660w, 3610w, 2985w, 1710s, 1440s, 1380m, 1340w, 1290m,

1260m, 1220w, 1190m, 1140m, 1120m, 1090w, 1060m, 1015w, 980w, 960w, 910w 

cm "l.

(%): M  ̂ 243 (3 1 ) , 232 (1 2 ) , 218 (2 2 ), 204 (4 3 ) , 203 (8 2 ) ,  188 (5 1 ),

145 (6 1 ), 144 (1 0 0 ).
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N-CarixmethOQcyr-l , 2 , 3 , 4 - t e t r à h y d r o - 2 - k e t o - l , 4 - d im e t h y l- l , 4 - im in o -  

n a p h th a le n e  (40b)

(40b) was p re p a re d  u s in g  a  s im i la r  method a s  t h a t  u sed  to

p re p a re  (4 0 c ) . (39b) (3 .7 8 g , 15.3ramol) r e a c te d  w ith  chromium t r i o x i d e

(9 ,1 8 g , 92mmol) and p y r id in e  (14 .8m l, 183mmol) w hich , a f t e r  f l a s h  

ch rom atography  (5 0 :5 0 , d i e th y l  e th e r  : p e tro le u m  e th e r  [4 0 -6 0 % ] ) a f fo rd e d  

(40b) (2 .2 4 g , 60%) a s  a  c o lo u r le s s  o i l .

6 h  (90MEÎZ, CDCI3 ) :  1 .9 3  ( s ,  3H), 2 .0 0  (d , J  = 16.5Hz, IH ), 2 .1 0  ( s ,

3H), 2 .5 0  (d , J  = 16.5H z, IH ), 3 .5 7  ( s ,  3H), 7 .1 7  (m, 4H ).

^max (CH2 C I2 ) :  3055w, 2980w, 2955w, 1760s, 1710s, 1500w, 1440s, 1380m,

1345s, 1295m, 1255m, 1195m, 1140m, 1095m, 1080m, 1060m, 985w, 910w cm -1.

“ / e  (%): K*" 245 (2 3 ) , 230 (1 5 ) , 216 (1 7 ) , 204 (4 2 ) , 203 (6 9 ) ,  186 (7 2 ) ,

145 (5 9 ) , 144 (1 0 0 ).

ctoserved 245.1048

c a lc u la te d  fo r  C1 4 HP5 NO3  245 .1056.

N H 3 a rb cb en zcK y -l,4 -d ih y c lro -l,4 —inrinnnaphthcLLene (4 5 )

A s o lu t io n  o f (9b) (1 .1 6 g , 8.1mmol) i n  d ry  d i e th y l  e th e r  (50ml) 

was added d ro p w ise  t o  a  su sp e n s io n  o f  sodium  h y d r id e  (80% d is p e r s io n  

0 .29g ) in  d ie th y l  e th e r  (10ml) u n d er N2 . A f te r  s t i r r i n g  fo r  2h, th e  

s o lu tic x i was c o o led  t o  0 %  and b e n z y l c h lo ro fo rm a te  (1 . 2 m l, 8 . Immol ) was 

added d ro p w ise . The r e a c t io n  m ix tu re  was a llo w ed  t o  warm to  rocan 

te m p e ra tu re  and s t i r r e d  o v e rn ig h t .  W ater (20ml) was added c a u t io u s ly  

and th e  p ro d u c t e x t r a c te d  in to  d ie th y l  e th e r  (3 x 20m l). The oombined 

o rg a n ic  e x t r a c t s  w ere d r i e d  o v e r  anhydrous magnesium s u lp h a te  and th e  

s o lv e n t e v a p o ra te d  a t  red u ced  p r e s s u re  to  a f f o r d  (45) (2 .2 1 g , 98%) a s  a  

c o lo u r le s s  o i l .
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ÔH (90MHz, CDCI3 ) :  4 .9 3  ( s ,  2H) , 5 .4 7  (d , J  = 1.5Hz, 2H ), 6 .8 3  (m,

4H ), 7 .1 0 -7 .2 1  (m, 7h ) .

Vitax (CH2CI2 ): 3020m, 1710s, 1500m, 1450m, 1390s, 1330s, 1240s, 1220m,

1190m, 1160w, 1130w, 1090s, 1070s, 1030m, lOlOw, 960w, 950w, 910w, 870w, 

850m cm“l .

(%): M  ̂ 277 (2 3 ) , 233 (8 ) ,  232 ( 5 ) ,  216 (2 9 ) , 208 (8 ) ,  169 (3 3 ) , 143 

(1 0 ) , 142 (2 4 ) , 141 (1 7 ) , 140 (1 4 ) , 128 (2 2 ) , 115 (3 1 ) , 114 (1 0 ) , 91 

(100) .

N -C artxA )enzoxv^l,2,3,4H :etràhydrc^-2-hydrQ xy^l,4-iiiiinonaphthcL L ene (4 6 )

(46) was p re p a re d  u s in g  a  s im i la r  method as t h a t  u sed  to  p re p a re  

(3 0 a ) . (45) (2 .2 5 g , 8 . Immol) r e a c te d  w ith  b o ran e  (IM in  te t r a h y d r o 

fu ra n , 8 .1 m l) , 2M (aq ) sodium  h y d ro x id e  s o lu tic x i (5ml) and hydrogen  

p e ro x id e  (6 % w /v , 4 .3 m l) t o  y i e ld  (46) (2 .3 6 g , 98%) a s  a  g la s s y  o i l .

ÔH (90MHz, CDCI3 ) :  1 .77  (m, 2H), 2 .7 7  (b r s ,  exch, IH ) , 3 .9 0  (m, IH ),

4 .9 3  ( s ,  2H), 5 .0 0  (m, IH ) , 5 .1 0  (m, IH ) , 7 .0 8 -7 .1 9  (m, 9H ).

Vnax (CH2CI2 ): 3600w, 3500w, 3350w, 1710s, 1460m, 1395m, 1390m, 1355s, 

1330s, 1290s, 1260s, 1215m, 1205m, 1190m, 1165m, 1150m, 1050w, lOlOw,

970m, 910w, 860w cm"l.

^ /e  (%): M  ̂ 295 (2 1 ) , 252 (1 8 ) , 251 (3 7 ) , 161 (2 1 ) , 160 (5 7 ) , 117 (1 2 ), 

116 (1 0 0 ), 115 (8 ) .

N-Carbdbenzcxxy-1, 2 , 3 ,4 - te t r a h y d ro -2 -k e to - l ,4 - im in o n a p h th a le n e  (47 )

(47) was prepared using a sim ilar  method as that used to  prepare 

(40c). (46) (2 .39g , 8.1imnol) reacted with chromium tr io x id e  (4 .86g ,

48.6mmol) and pyrid ine (7.8m l, 97.2mnol) which, a fter  f la sh  chromato

graphy (50:50, d ie th y l ether : petroleum ether [40-60% ] ) afforded (47) 

(1 .56g, 6 6 %) as a co lo u r le ss  o i l .
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6 h  (90MHz, CDCI3 ) ;  1 .9 0  (d , J  = 16.5Hz, IH ) , 2 .5 0  (dd, J  = 16.5Hz, J

= 4.5H z, IH ), 4 .9 5  ( s ,  3H) , 5 .4 0  (d , J  = 4.5H z, IH ) , 7 .0 5 -7 .1 9  (m, 9H ).

ÔC (75MHz, CDCI3 ) ;  3 9 .3  ( t ) ,  6 0 .9  (d ) , 6 7 .5  ( t ) ,  6 9 .1  (d ) ,  1 2 0 .7  (d ) ,

1 2 3 .0  ( d ) ,  1 2 7 .6  (d ) ,  12 7 .7  (d ) ,  128 .1  (d ) ,  1 2 8 .4  (d ) ,  12 8 .5  ( d ) ,  13 5 .7  

( s ) ,  137 .2  ( s ) ,  145 .8  ( s ) ,  155 .3  ( s ) ,  203 .8  ( s ) .

Vmax (CH2CI2 ): 3020w, 1765s, 1710s, 1495w, 1450w, 1390m, 1340s, 1330m, 

1240m, 1195m, 1145m, 1125m, 1110m, 1080m, 1030w, 910w cnT^.

(%); 265 ( 6 ) ,  252 (1 5 ) ,  251 (1 0 0 ), 221 (1 9 ) , 220 (3 3 ) , 207 (7 1 ), 203

(1 5 ) , 202 (2 7 ) , 175 (1 2 ) , 173 (1 0 ) , 172 (1 0 ) , 158 (3 3 ) , 147 (1 7 ) , 146 

(3 2 ) .

o b se rv ed  ^ / q (M^ -  H2 C=0 0 ) 251.0948

c a l c u la te d  fo r  C1 5 H1 3 NO2  251 .0949 .

l ,2 ,3 ,4 -T etu :a h v d r o -2 -k e to -l,4 - im 1 n n n a p iit3 ic ile n e  (32b)

A s o lu t io n  o f  hydrogen  brom ide (45% w /v, 1 .5m l) was added 

d ropw ise  t o  (47) (0 .3 6 g , 1.23raraol) a t  0 % . The r e a c t io n  m ix tu re  was 

a llo w ed  t o  warm to  room te n p e r a tu r e  and s t i r r e d  o v e rn ig h t .  W ater (10ml) 

and d ic h lo ro m e th an e  (10m l) w ere added . The aqueous la y e r  was c o o led  and 

c a r e f u l ly  b a s i f i e d  w ith  2m (aq) sodium  ly d ro x id e  s o lu t io n .  The p ro d u c t 

was e x t r a c te d  in to  d ic h lo ro m e th an e  (3 x 10ml) and th e  com bined o rg a n ic  

la y e r s  d r ie d  o v e r anhydrous magnesium s u lp h a te .  E v a p o ra tio n  o f th e  

s o lv e n t  a t  reduced  p r e s s u r e  a f fo rd e d  (32b) (0 .1 6 g , 80%) a s  a  p a le  y e llo w  

o i l .

6 h  (90MHz, CDCI3 ) :  1 .7 7  (d , J  = 16.5Hz, IH ), 2 .3 3  (dd, J  = 16.5H z, J  = 

4 .5H z, IH ), 2 .9 0  (b r  s ,  exch , IH ), 4 .2 0  ( s ,  IH ), 4 .6 7  (d , J  = 4.5Hz, 

IH ), 7 .0 8 -7 .1 4  (m, 4H ).

Vmax (CH2CI2 ): 3020w, 2985w, 1875s, 1495w, 1450w, 1395m, 1345s, 1320w, 

1240m, 1190m, 1140m, 1120m, lllO w , 1090m, 1020w, 975w, 910w, 890w. 

m/g (%): M̂  159 (25 ), 144 (1 2 ), 118 (27), 117 (100).
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N -C h lo ro -1 , 2 , 3 , 4 - te t r a h y d rc x -2 -k e to - l , 4 -im iiK X )aphthalene (33b)

(33b) was p re p a re d  u s in g  a  s im i la r  method a s  t h a t  used  to  

p re p a re  (3 3 a ) . (32b) (0 .0 4 5 g , 0.28inmol) r e a c te d  w ith  NCS (0 .0 5 0 g ,

0.37mmol) t o  y i e ld  (33b) (0 .0 5 2 g , 96%) a s  a  y e llo w  o i l .

6 h  (300MEÎZ, CDCI3 ) ;  sy n -  (3 3 b ), 2 .0 7  (d, J  = 16.5Hz, IH ), 2 .6 7  (dd, J

= 16.5Hz, J  = 4.5H z, IH ), 4 .5 0  ( s ,  IH ) , 4 .8 7  (d , J

= 4 .5H z, IH ), 7 .1 9 -7 .2 7  (m, 4H ). 

a n t i -  (3 3 b ), 2 .0 0  (d , J  = 16.5Hz, IH ), 3 .9 7  (dd, J  

= 16 .5H z, J  = 4 .5H z, IH ) , 4 .3 7  ( s ,  IH ) , 4 .8 7  (d , J  

= 4.5H z, IH ), 7 .1 9 -7 .2 7  (m, 4H ).

6 c  (75MHz, CDCI3 ) :  sy n - (3 3 b ), 3 9 .3  ( t ) ,  7 3 .6  (d ) , 8 0 .6  (d ) ,  122 .9

( d ) ,  1 2 4 .9  (d ) ,  128 .2  (d ) ,  1 2 8 .9  (d ) ,  1 3 6 .3  ( s ) ,

146 .2  ( s ) ,  181 .0  ( s ) .

a n t i -  (3 3 b ), 3 3 .7  ( t ) ,  7 0 .0  (d ) ,  7 9 .0  (d ) ,  121 .1

(d ) ,  122 .9  (d ) ,  128 .4  ( d ) ,  129 .3  ( d ) , 134 .9  ( s ) ,

143 .3  ( s ) ,  179 .9  ( s ) .

^ / e  (%): 195, 193 ( 5 , 1 5 ) , 159 ( 2 2 ) , 158 (1 0 0 ), 144 (1 3 ) ,  118 ( 2 7 ) ,

117 (8 2 ) .

l -T r i in e th y ls i ly l - 2 - in e th y l  p y r r o le  (65)

A s t i r r e d  s o lu t io n  o f  2 -m ethy l p y r ro le  (64) (1 0 .4g , 0 . 13m ol) in  

d ry  d ie th y l  e th e r  (45ml) and d ry  benzene (20ml) u n d er N2  was t r e a t e d  

w ith  sm all p ie c e s  o f  p o ta ss iu m  (5 .7 0 g , 0 .15m ol) o v e r 15 m in . The

r e a c t i a i  m ix tu re  was th e n  s t i r r e d  f o r  Ih  and h e a te d  a t  r e f lu x  f o r  a  

f u r th e r  5h . The p o ta s s io - p y r r o le  s lu r r y  th u s  formed was o o o le d  to  0 %  

and t r i m e t h y l s i l y l  c h lo r id e  ( 2 0 m l, 0 .16m ol) was added  d ro p w ise  o v e r 

15 m in. The r e a c t io n  m ix tu re  was h e a te d  a t  r e f lu x  fo r  lOh and th e n  

f i l t e r e d .  The s o lv e n t  was e v a p o ra te d  a t  reduced  p r e s s u r e  and f r a c t i o n a l
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d i s t i l l a t i o n  o f  th e  r e s id u e  a f fo rd e d  (65) (11 .41g , 58%) a s  a  c o lo u r le s s  

o i l :  t p  5 8 -6 1 %  (SOimtflg).

ÔH (90MHz, CDCI3 ) :  0 .3 0  ( s ,  9H), 2 .1 6  (s ,  3H), 5 .8 1  (m, IH ), 5 .9 8  (m, 

IH ), 6 .4 3  (m, IH ).

5 , 6 , 7 , 8 - T e tr a f lu o r o - 1 , 4 - d ih y c lr o - l -m e th y l- l , 4-imincxiaphthELLaie (61a )

A s o lu t io n  o f  n -b u ty l l i th iu m  (2.2M in  h ex an e , 8 .5 m l) was added 

d ropw ise  o v e r a  p e r io d  o f  1 0  min. t o  a  s t i r r e d  s o lu t io n  o f  p e n ta f lu o r o -  

b enzene (3 .0 g , 17.9mmol) i n  d ry  d ie th y l  e th e r  (50ml) a t  -7 8 %  under N2 . 

A s o lu t io n  o f  (65) (2 .8 0 g , 18.3mraol) in  d ie th y l  e th e r  (20ml) was

su b se q u e n tly  added o v er a  f u r th e r  10 min. The r e a c t io n  m ix tu re  was 

a llo w ed  t o  warm t o  room te n p e r a tu r e  o v e rn ig h t , w ith  s t i r r i n g ,  and th e n  

pou red  in to  w a te r  (100m l). The p ro d u c t was e x t r a c te d  in to  d ie th y l  e th e r  

(2 X 100ml) and th e  com bined o rg a n ic  e x t r a c t s  w ere washed w ith  c o ld  2M 

h y d ro c h lo r ic  a c id  (2 x 100m l). The a c id ic  e x t r a c t s  w ere com bined, 

co o led  and c a r e f u l l y  b a s i f i e d  w ith  2M (aq) sodium  h y d ro x id e  s o lu t io n .  

The b a s ic  s o lu t io n  was r e - e x t r a c te d  w ith  d ich lo ro m eth an e  (3 x 100ml) and 

th e  o rg a n ic  la y e r s  com bined b e fo re  d ry in g  o v e r anhydrous magnesium 

s u lp h a te .  The s o lv e n t  was e v a p o ra te d  a t  reduced  p r e s s u r e  to  y i e ld  a  

dark  o i l .  The r e s id u e  was p u r i f i e d  by  f la s h  ch rom atography  (7 0 :3 0 ,

d ie th y l  e th e r :p e tro le u m  e th e r  [4 0 -6 0 % ])  t o  y i e ld  (61a) (1 .3 4 g , 32%) a s  

a  p a le  y e llo w  o i l .

ÔH (300MHz, CDCI3 ) :  1 .9 8  (d , Jw e-p  = 0.9Hz, 3H), 2 .9 2  (b r  s ,  exch, 

IH ), 5 .2 0  (dd , J  = 2.4H z, J y -p  = 2.0Hz, IH ), 6 .8 1  (d , J  = 5.3H z, IH ), 

7 .01  (dd , J  = 5.3H z, J  = 2.4H z, IH ) .

(75MEÎZ, CDCI3 ) :  1 6 .5  (q ) ,  6 3 .3  ( d ) ,  74 .4  ( s ) ,  1 4 4 .9  (d ) ,  1 4 7 .5  (d ) .  

Vmax (CH2 C I2 ) : 3260w, 3015w, 2975w, 2935w, 1485 b r  s ,  1390m, 1355m, 

1290w, 1255m, 1190m, 1120m, 1105s, 1040s, 1030s, 985m, 935m, 910m, 880m, 

850s, 8 3 0 s, 820w cm"^.
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“ / e  (%): 229 (5 0 ) , 228 (5 0 ) , 203 (1 0 0 ), 202 (8 0 ) , 201 (1 4 ) ,  200 (1 0 ),

188 (1 8 ) ,  187 (2 8 ) ,  175 (1 1 ) , 151 (2 2 ) . 

o b se rv e d  229,0503

c a lc u la te d  f o r  C1 1 H7 NF4  229 .0501.

1 . 4 - D ih y d r o - l - m e t h y l- l , 4 -jjn in n n ap h th a len e  (61b)

(61b) was p re p a re d  u s in g  a  s im i la r  method a s  t h a t  u sed  to  

p re p a re  (6 1 a ) . Benzyne [g e n e ra te d  in  s i t u  from  2 -b ro rao flu o ro b en zen e  

(3 .9 5 g , 2 2 .6 mmol) and  n -b u ty l l i th iu m  (2.5M in  hex an e , 9 m l)] r e a c te d  w ith  

1 - t r im e th y l s i ly l - 2 - m e th y l  p y r r o le  (65) (3 .1 5 g , 2 0 .5mmol) t o  a f f o r d  (61b) 

(1 .7 3 g , 56%) a s  a  y e llo w  o i l .

6h  (300MHz, CDCI3 ) :  1 .7 6  ( s ,  3H), 3 .0 2  (b r  s ,  exch , IH ), 4 .7 9  (d , J  = 

3.0H z, IH ), 6 .6 3  (d , J  = 6.0H z, IH ), 6 .8 0 -7 .2 9  (m, 5H) .

6 c  (75MHz, CDCI3 ) :  1 5 .2  ( q ) ,  6 5 .6  (d ) , 7 2 .7  ( s ) ,  1 1 9 .0  ( d ) ,  1 2 0 .5  (d ) ,

1 2 4 .4  ( d ) ,  1 2 4 .6  (d ) ,  145 .1  ( d ) ,  147 .1  (d ) ,  15 1 .6  ( s ) ,  1 5 2 .4  ( s ) .

'^max (CH2 CI2 ) :  3020w, 2960m, 2915w, 2865w, 1600w, 1480w, 1445s, 1380m, 

1350s, 1200m, 1150m, 1125w, 1090w, 1055s, 1030m, 1005m, 960m, 930w, 

920w, 865s, 845s cm“ l .

%  (%): 157 (1 0 0 ), 156 (9 3 ), 131 (2 5 ), 130 (2 5 ) , 129 (2 4 ) , 128 (2 6 ),

127 (1 4 ) , 116 (2 6 ) , 115 (2 1 ) .

1.4-Dthydro-5,8-diipethoxy-l-iDetfayl-l,4—iminonaphthalene (61c)

(61c) was p re p a re d  u s in g  a  s im i la r  method a s  t h a t  u sed  to  

p re p a re  (6 1 a ) . 1 ,4-D im ethoxybenzyne [g e n e ra te d  in  s i t u  from  1 - c h lo r o -

2 .5 -d im ethoxybenzene (7 .1 0 g , 41 . Immol) and n - b u ty l l i th iu m  (1.6M in

h exane , 26m l)] r e a c te d  w ith  1 - t r  im e th y ls i  l y  1 -2 -m eth y l p y r r o le  (65) 

(5 .2 4 g , 34 . 2mmol ) t o  a f f o r d  a  d a rk  o i l .  P u r i f i c a t i o n  by  f l a s h

chrom atography (9 9 :1 , d ie th y l  e th e r  : t r i e th y la m in e  ) gave (61c) (4 .8 9 g ,

6 6 %) a s  y e llo w  c r y s t a l s  : irp 5 6 -5 7 % .
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ÔH (300MBÎZ, CDCI3 ) :  1 .9 6  ( s ,  3H), 2 .6 9  (b r  s ,  exch , IH ) , 3 .3 7  ( s ,  3H),

3 .7 6  ( s ,  3H), 5 .0 8  (d , J  = 2.4Hz, IH ), 6 .4 9  ( s ,  2H), 6 .8 0  (d , J  = 5.3Hz, 

IH ), 7 .0 0  (dd , J  = 5 .3H z, J  = 2 .4H z, IH ).

6(3 (75MEÎZ, CDCI3 ) :  17 .5  (q ) ,  5 5 .8  (q ) , 5 6 .0  (q ) ,  6 2 .9  (d ) ,  7 5 .0  ( s ) ,

11 0 .8  (d ) ,  1 1 1 .2  ( d ) ,  14 0 .9  ( s ) ,  142 .1  ( s ) ,  14 5 .1  ( d ) ,  1 4 7 .6  ( s ) ,  147 .9  

(d ) ,  149 .1  ( s ) .

Vjnax (CH2 C I2 ) :  2950w, 2960m, 2915m, 2815m, 1490s, 1465m, 1435m, 1350m, 

1240m, 1210m, 1180m, 1145m, 1075s, 1045s, 975w, 940m, 850m, 840m, 790m 

cm“ l .

(%): M+ 217 (1 0 0 ), 203 (1 5 ) , 202 (8 7 ) , 201 (1 5 ) , 188 (1 2 ) ,  187 (6 1 ) ,

186 (1 4 ), 174 (1 1 ) ,  159 (1 5 ) , 130 (1 4 ) . 

o b serv ed  217.1092

c a lc u la te d  fo r  C1 3 H1 5 NO2  217 .1091 .

5 , 6 , 7 ,8 - T e t r a f l u o r o - l ,2 ,3 ,4 —te tr à h y d r o - l- iD e th y l- - l ,4 —im in on ap h tlia len e  

(62a)

A s o lu t io n  o f  (61a) (0 .2 0 g , 0.87mmol) in  d ry  m ethano l (10ml) was 

h y d ro g en a ted  a t  1 atm  in  th e  p re se n c e  o f  5% p a lla d iu m  cn  c h a rc o a l  f o r  

5h. The r e a c t io n  m ix tu re  was f i l t e r e d  th ro u g h  c e l i t e  and th e  s o lv e n t 

ev a p o ra te d  a t  red u ced  p r e s s u r e  t o  y i e ld  (62a) (0 .1 9 g , 95%) a s  a

c o lo u r le s s  o i l .

6 h  (300MHz, CDCI3 ) :  1 .2 8 -1 .4 7  (m, 2H), 1 .7 6 -1 .8 5  (m, IH ), 1 .8 8  (d,

J^ e -F  -  l . lH z ,  3H), 2 .1 4 -2 .2 7  (m, IH ), 2 .3 6  (b r  s ,  exch , IH ), 4 .7 8

(dd, J  = 4 .5 Hz , J h-F  ~ 2.1H z, IH ) .

6 c  (75MHz, CDCI3 ) :  1 8 .2  ( q ) ,  2 8 .5  ( t ) ,  3 2 .7  ( t ) ,  5 8 .1  ( d ) ,  6 8 .7  ( s ) .

Vmax (CH2CI2 ): 2950m, 1710w, 1665w, 1490s, 1390m, 1365m, 1215w, 1180w, 

1115m, 1065m, 1040m, 990m, 945w, 920w, 885w, 870m, 830m cm“l .

^ /e  (%): 231 ( 5 ) ,  229 (7 ) , 204 (1 1 ), 203 (1 0 0 ), 202 ( 6 6 ) ,  189 (6 ),

187 (7 ) ,  175 (8 ) .
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1 .2 .3 .4 -T e trà h v d ro - l-m e th y l- l ,4 - im in c )n a y h th a le n e  (62b)

A s o lu t io n  o f  (61b) (0 .5 3 g , 3.37imnol) i n  d ry  m ethano l (30ml) was 

h y d ro g e n a te d  a t  1 atm  in  th e  p re se n c e  o f  5% p a lla d iu m  on c h a rc o a l  f o r  

2h. The r e a c t io n  m ix tu re  was f i l t e r e d  th ro u g h  c e l i t e  and th e  s o lv e n t

e v a p o ra te d  a t  red u ced  p r e s s u r e  to  y i e ld  (62b) (0 .5 4 g , 99%) a s  a  y e llo w

o i l .

ÔH (SOOMEiz, CDCI3 ) :  1 .1 4 -1 .3 5  (m, 2H ), 1 .7 0  ( s ,  3H), 2 .0 5 -2 .4 9  (m, 

2H), 3 .7 1  (b r  s ,  exch , IH ), 4 .4 2  (d , J  = 4.5H z, IH ), 6 .9 8 -7 .3 2  (m, 4H ). 

6(3  (75MEÎZ, CDCI3 ) :  1 7 .2  ( q ) ,  2 9 .0  ( t ) ,  3 2 .8  ( t ) ,  6 0 .6  ( d ) ,  6 7 .1  ( s ) ,

11 7 .6  ( d ) ,  11 9 .0  ( d ) ,  1 2 5 .7  (d ) ,  125 .9  (d ) , 1 4 8 .5  ( s ) ,  1 4 9 .8  ( s ) .

Vmax (CH2 CI2 ) :  3020w, 2955s, 2875m, 1450s, 1380m, 1350w, 1335w, 1195w,

1170w, 1135w, 1115w, 1065w, 1035w, 1000m, 970w, 945m, 905w, 870m, 855m, 

815m cmT^.

m/g (%): 159 (3 ) ,  142 ( 6 ) ,  141 (5 ) ,  132 (1 1 ) , 131 (1 0 0 ), 130 (4 7 ),

117 (9 ) ,  115 (8 ) .

1 .2 .3 .4 -T e trah y d ro -5 ,8 ^ -d iin e td io x y ^ l-ff le th y l- l,4 -iin iiio n a |A ith a le n e  (62c)

A s o lu t io n  o f  (61c) (0 .5 3 g , 2.44mmol) i n  m ethanol (20ml) was

h y d ro g en a ted  a t  1 atm  in  th e  p re se n c e  o f  5% p a lla d iu m  cn  c h a rc o a l  f o r  

4h . The r e a c t io n  m ix tu re  was f i l t e r e d  th ro u g h  c e l i t e  and th e  s o lv e n t 

ev a p o ra te d  a t  red u ced  p r e s s u r e  t o  y ie ld  (62c) (0 .5 3 g , 99%) a s  a  p a le  

y e llo w  o i l .

ÔH (300MHz, CDCI3 ) :  1 .2 7 -1 .4 1  (m, 2H), 1 .7 0 -1 .7 8  (m, IH ), 1 .8 5  ( s ,  

3H), 2 .1 3 -2 .1 8  (m, IH ), 3 .7 6  ( s ,  3H), 3 .7 8  ( s ,  3H ), 4 .6 2  (d , J  = 4.5H z, 

IH ), 6 .6 0  ( s ,  2H).

«C (75MHz, CDCI3 ) :  1 9 .3  ( q ) ,  2 8 .8  ( t ) ,  3 3 .0  ( t ) ,  5 5 .9  (q ) ,  5 6 .0  (q ) ,

5 7 .6  (d ) ,  6 8 .2  ( s ) ,  11 0 .1  ( d ) ,  110 .5  (d ) ,  1 3 8 .2  ( s ) ,  1 3 9 .2  ( s ) ,  146 .5  

( s ) ,  147 .9  ( s ) .
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® /e (%): 219 (6 ) ,  192 (1 2 ) , 191 (1 0 0 ), 187 (1 3 ) , 177 (1 2 ) , 176 (9 4 ),

161 (1 7 ) .

N -C h lo ro -5 , 6 , 7 , 8 —te tx a f lu o r o - 1 , 4 - d ih y d r o - l - in e th y l - l , 4—im iix x ia p iith a la ie  

( 6 6 a )

A s o lu t io n  o f  (61a) (0 .2 1 g , 0.92mmol) i n  d ry  d ic h lo ro m e th a n e

(5ml) was t r e a t e d  w th NCS (0 .1 5 g , 1.12mmol) u n d e r N2 * A f te r  s t i r r i n g  

fo r  I h  a t  room te n p e r a tu r e ,  th e  so lv e n t was removed a t  reduced  

p r e s s u r e .  The re s id u e  was t r i t u r a t e d  w ith  t r i c h lo r f lu o r o m e th a n e  and 

f i l t e r e d  to  remove any NCS and  su cc in im id e . The s o lv e n t  was e v a p o ra te d  

by  p a s s in g  a  g e n t le  s tre a m  o f  N2  o v e r i t  to  a f f o r d  ( 6 6 a ) (0 .2 3 g , 95%) a s  

a  p a le  y e llo w  o i l .

6 h  (300MHz, CDCI3 ) :  sy n -  ( 6 6 a ) , 1 .9 0  (d, ^Me-F “  0 ,8B z, 3H ), 5 .1 5

(ddd, J  = 3.0H z, J h-F  “  1 .8H z, J  = 0 .7H z, IH ),

6 .8 4  (dd , J  = 6.0Hz, J  = 0.7H z, IH ), 7 .0 2  (dd , J  = 

6 .0H z, J  = 3 .0H z, IH ).

a n t i -  (6 6 a ) ,  1 .9 6  (d , J ^ e -F  ”  1 .2H z, 3H), 5 .3 3

(dd , J  = 3.0Hz, J h-F  ”  1.7H z, IH ), 6 .5 8  (d , J  = 

3 .0H z, IH ), 6 .9 0  (dd, J  = 6.0H z, J  = 3 .0H z, IH ) .

6(3 (75MHz, CDCI3 ) :  sy n - (6 6 a ) ,  1 4 .4  (q ) , 7 3 .4  (d ) ,  8 2 .1  ( s ) ,  140 .9

( d ) ,  144 .3  ( d ) .

a n t i -  ( 6 6 a ) ,  14 .1  (q ) ,  7 3 .8  ( d ) ,  8 2 .5  ( s ) ,  140 .1

( d ) ,  142 .1  ( d ) .

Vmax (CH2 C I2 ) :  2960w, 1755w, 1745m, 1720m, 1495s, 1485s, 1395w, 1380w, 

1305w, 1140m, 1115m, 1070w, 1045m, 955m, 930w, 845m cm” ^ . 

m/g (%): M̂ - 265, 263 (12 , 3 6 ) , 259 (1 2 ) , 229 (1 0 ) ,  228 (2 1 ) ,  222 (1 9 ) ,

216 (1 8 ) , 214 (2 2 ) , 213 (1 2 ) ,  204 (1 2 ) , 203 (1 0 0 ), 202 (8 4 ) ,  201 (1 6 ) ,

200 (1 6 ) , 187 (5 9 ) .
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N -C h lo ro - l ,4 -d ih v d ro - l- in e th y l- l /4 - i jn i i io n a p h th a le n e  (603)

( 6 6 b) was p re p a re d  u s in g  a  s im i la r  method t o  t h a t  u sed  to  

p re p a re  ( 6 6 a ) .  (61b) (0 .2 5 g , 1.59mraol) r e a c te d  w ith  NCS (0 .2 5 g ,

1.87mmol) t o  a f f o r d  (6 6 b) (0 .2 9 g , 95%) a s  a  y e llo w  o i l .

«H (300MEÎZ, CDCI3 ) :  sy n -  (6 6 b ) ,  1 .7 6  ( s ,  3H), 4 .8 7  (dd, J  = 3.2Hz, J  =

0 .7H z, IH ), 6 .7 3  (dd, J  = 6.0H z, J  = 0.7H z, IH ),

6 .9 7  (dd , J  = 6.0EÎZ, J  = 3 .2H z, IH ), 7 .0 2 -7 .3 7  (m,

4H).

a n t i -  ( 6 6 b ) ,  1 .8 2  ( s ,  3H) , 5 .0 8  (d , J  = 2 .0H z, 

IH ), 6 .4 5  (d , J  = 5.3Hz, IH ), 6 .8 3 -7 .3 7  (m, 5H ).

6(3  (75MHz, CDCI3 ) :  sy n - (6 6 b ) ,  1 3 .0  (q ) , 7 5 .8  (d ) ,  8 0 .7  ( s ) ,  12 1 .9

( d ) ,  12 3 .0  (d ) ,  125.3  (d ) ,  1 2 5 .5  (d ) ,  144 .1  (d ) ,

1 44 .2  (d ) .

a n t i -  (6 6 b ) ,  13 .1  (q ) ,  7 7 .3  (d ) ,  8 1 .9  ( s ) ,  1 1 9 .8

(d ) ,  121 .0  (d ) ,  125.8 (d ) ,  125 .9  ( d ) ,  141 .4  (d ) ,

141 .8  (d ) .

ni/g (%): M+ 193, 191 (5 , 1 5 ) , 152 (1 6 ) , 150 (4 4 ) , 142 (2 1 ) , 141 (1 9 ) , 

131 (1 4 ) ,  130 (1 3 ) , 115 (4 2 ) , 103 (2 0 ) , 101 (3 1 ) , 99 (1 0 0 ).

N -G h lo r o - l,4 -d ih y d r o -5 ,8 -d in ie th c g v ^ l-m e th y l- l,4 - i in in o n a p h th a le n e  ( 6 6 c )

( 6 6 c ) was p re p a re d  u s in g  a  s im i la r  method a s  t h a t  u sed  to

p re p a re  ( 6 6 a ) .  (61c) (0 .3 0 g , 1.38mmol) r e a c te d  w ith  NCS (0 .2 2 g ,

1.65mmol) t o  a f f o r d  (6 6 c )  (0 .3 3 g , 95%) a s  a  p a le  y e llo w  o i l .

ÔH (300MHz, CDCI3 ) :  sy n -  (6 6 c ) ,  1 .8 8  ( s ,  3H), 3 .7 5  ( s ,  3H ), 3 .7 8  (s ,

3H), 5 .0 6  (dd, J  = 3.1Hz, J  = 0.8H z, IH ) , 6 .6 2  ( s ,

2H), 6 .8 2  (dd, J  = 6.0H z, J  = 0 .8 B z , IH ) , 6 .9 9  

(dd, J  = 6.0Hz, J  = 3.1Hz, IH ) .
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a n t i -  (6 6 c ) ,  1 .9 3  ( s ,  3H), 3 .7 4  ( s ,  3H), 3 .7 6  ( s ,  

3H), 5 .2 4  (d , J  = 2.0H z, IH ) , 6 .5 2  (d , J  = 5 .3H z, 

IH ), 6 .5 8  ( s ,  2H), 6 .8 4  (dd , J  = 5.3Hz, J  = 2.0H z, 

IH ).

6(3  (75MEÎZ, CDCI3 ) :  sy n -  (6 6 c ) , 1 5 .5  (q ) , 5 5 .5  (q ) , 5 5 .6  (q ) , 7 3 .2

(d ) ,  8 2 .2  ( s ) ,  109 .8  (d ) ,  11 0 .2  (d ) ,  133 .1  ( s ) ,

1 34 .0  ( s ) ,  144 .3  ( s ) ,  146 .9  ( d ) , 148 .5  (d ) ,  151 .7

( s ) .

a n t i -  ( 6 6 c ) ,  15 .1  ( q ) , 5 5 .6  (q ) ,  5 5 .7  ( q ) , 7 4 .1  

(d ) ,  8 3 .1  ( s ) ,  110 .5  (d ) ,  11 1 .0  (d ) ,  1 3 3 .4  ( s ) ,

1 36 .2  ( s ) ,  141 .1  (d ) ,  141 .3  ( s ) ,  142 .3  ( d ) , 150 .7

( s ) .

(%): M+ 253, 251 (5 , 1 5 ) , 216 (1 0 0 ), 203 (1 3 ) , 202 (7 9 ) ,  201 (1 4 ) , 

188 (1 0 ), 187 (7 1 ) , 184 ( 9 ) ,  159 (1 0 ).

N - C h lo r o - 5 ,6 ,7 ,8 - te t r a f lu o r c ^ - l ,  2 , 3 ,4 - t e t r a h y d r o - l - m e th y l - l ,4 - im in o -  

n a p h th a la ie  (67a)

(67a) was p re p a re d  u s in g  a  s im i la r  method as  t h a t  u sed  to  

p re p a re  ( 6 6 a ) .  (62a) (0 .1 5 g , 0.65mmol) r e a c te d  w ith  NCS (O .lO g,

0.75mmol) t o  a f f o r d  (67a) (0 .1 6 g , 93%) a s  a  p a le  y e llo w  o i l .

ÔH (300MHz, CDCI3 ) sy n - (6 7 a ) , 1 .2 4 -1 .5 6  (m, 2H), 1 .8 2  (d , J ^ e -F  “

1.3H z, 3H), 1 .8 5 -1 .9 6  (m, IH ), 2 .1 3 -2 .2 6  (m, IH ),

4 .8 4  (dd , J  = 4 .6 Hz , J h-F  “  2.0H z, IH ). 

a n t i -  (6 7 a ) , 1 .4 1 -1 .5 6  (m, 2H), 1 .8 4  (d , J mb-F  “ 

1 .3H z, 3h ) ,  1 .8 5 -1 .9 5  (m, IH ), 2 .0 7 -2 .1 4  (m, IH ),

4 .7 9  (dd, J  = 4.6Hz, J h- f  = 1.5H z, IH ) .

6(3 (75MHz, CDCI3 ) :  sy n - (6 7 a ) , 1 6 .7  (q ) , 2 4 .0  ( t ) ,  3 0 .2  ( t ) ,  7 0 .1

( d ) ,  77 .1  ( s ) .
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a n t i -  (6 7 a ), 1 5 .4  (q ) ,  2 6 .7  ( t ) ,  2 9 .4  ( t ) ,  6 7 .9  

(d ) ,  7 6 .6  ( s ) .

Vmax (CH2 C I2 ) :  1720w, 1500s, 1485s, 1395m, 1310w, 1160w, 1120m, 1070w, 

1045m, 1025w, 850w, 815w cm”’̂ .

^ /e  (%): ^  267, 265 (3 , 9 ) ,  237 (2 7 ), 229 (8 ) , 228 (8 ) ,  214 (1 1 ) , 203 

(4 6 ) ,  202 (1 0 0 ), 201 (1 1 ) , 187 (1 2 ) , 175 (1 2 ) .

N-Chloro-l,2,3,4-tetrahvdro-l-fflet3Tyl-l,4-iiniric)naphthcLLene (67b)

(67b) was p re p a re d  u s in g  a  s im i la r  method to  t h a t  u sed  to

p re p a re  ( 6 6 a ) .  (62b) (0 .1 8 g , 1 . 13mmol) r e a c te d  w ith  NCS (0 .1 8 g ,

1.35mraol) t o  a f f o r d  (67b) (0 .2 1 g , 96%) a s  a  c o lo u r le s s  o i l .

ÔH OOOMtiz, CDCI3 ) :  sy n -  (6 7 b ), 1 .2 6 -1 .5 6  (m, 2H), 1 .7 4  ( s ,  3H),

1 .9 2 -2 .0 3  (m, IH ), 2 .5 0 -2 .6 2  (m, IH ), 4 .6 6  (d , J  = 

4 .4H z, IH ), 7 .1 2 -7 .2 8  (m, 4H ).

a n t i -  (6 7 b ), 1 .3 0 -1 .5 6  (m, 2H), 1 .7 2  ( s ,  3H),

2 .0 6 -2 .1 6  (m, IH ), 2 .5 2 -2 .6 2  (m, IH ), 4 .6 0  (d , J  = 

4 .4H z, IH ), 7 .1 2 -7 .2 2  (m, 4H ).

0(3  (75MHz, CDCI3 ) :  sy n - (67b ), 1 5 .6  (q ) , 2 4 .1  ( t ) ,  2 9 .3  ( t ) ,  7 2 .1

( d ) ,  7 5 .5  ( s ) ,  120 .2  (d ) ,  1 2 1 .4  ( d ) ,  1 2 6 .6  (d ) ,

126 .7  (d ) .

a n t i -  (6 7 b ), 1 4 .8  (q ) ,  2 6 .8  ( t ) ,  2 8 .9  ( t ) ,  7 1 .1

(d ) ,  7 5 .4  ( s ) ,  118.6 ( d ) ,  119 .7  ( d ) ,  126 .9  ( d ) ,

127 .0  (d ) .

Vmax (CH2 C I2 ) :  2940s, 2875w, 1770m, 1720m, 1465m, 1450m, 1380m, 1340w, 

1310w, 1155m, 1120w, lOlOw, 830m cm“ ^ .

(%): M+ 195, 193 ( 3 , 9 ) ,  168 (1 0 ) , 167 ( 9 5 ) ,  166 ( 3 5 ) ,  165 (1 0 0 ) , 

164 (1 8 ) , 163 (1 8 ) , 158 (2 2 ), 156 (1 1 ), 151 (1 5 ) , 143 (5 0 ) .
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o b se rv e d  ^ /g  (I'f^ -  C l) 158.0960

c a l c u la te d  f o r  C1 1 H1 2 N 158.0959.

N -C lü -oro-l, 2 , 3 , 4 —tÆ trah v d ro -5 ,8 -d iin eth o x y ^ l-ffle th y l--l,4 —inriiTonariithELLene 

(6 7 c )

(67c) was p re p a re d  u s in g  a  s im i la r  method a s  t h a t  u sed  to  

p re p a re  ( 6 6 a ) .  (62c) (0 .2 3 g , 1 . 05mmol) r e a c te d  w ith  NCS (0 .1 5 g ,

1.12mmol) t o  a f f o r d  (67c) (0 .2 5 g , 94%) a s  a  p a le  y e llo w  o i l .

6 h  (300MEÎZ, CDCI3 ) :  sy n -  (6 7 c ), 1 .2 5 -1 .5 2  (m, 2H), 1 .8 1  ( s ,  3H), 2 .1 4

-2 .2 1  (m, IH ), 2 .4 8 -2 .5 5  (m, IH ), 3 .7 6  ( s ,  3H),

3 .7 9  ( s ,  3H), 4 .6 9  (d , J  = 4 .4H z, IH ) , 6 . 6 6  ( s ,  

2H).

a n t i -  (6 7 c ), 1 .2 5 -1 .5 2  (m, 2H), 1 .8 0  ( s ,  3H),

2 .0 1 -2 .0 7  (m, IH ), 2 .4 8 -2 .5 5  (m, IH ), 3 .7 5  ( s ,  

3H), 3 .7 6  ( s ,  3H), 4 .7 4  (d , J  = 4 .5H z, IH ), 6 .7 1  

( s ,  2H).

6(3 (75MHz, CDCI3 ) :  sy n -  (6 7 c ), 1 6 .4  (q ) , 2 6 .6  ( t ) ,  2 9 .2  ( t ) ,  5 5 .5

(q ) ,  5 5 .6  (q ) , 6 7 .8  (d ) ,  7 6 .5  ( s ) ,  109 .7  (d ) ,

110 .2  (d ) ,  131 .0  ( s ) ,  131 .3  ( s ) ,  145 .9  ( s ) ,  147 .2

( s ) .

a n t i -  (6 7 c ), 19 .1  (q ) ,  2 8 .1  ( t ) ,  3 2 .2  ( t ) ,  5 5 .3

(q ) ,  5 5 .4  (q ) ,  68 .3  (d ) ,  7 7 .3  ( s ) ,  109 .3  (d ) ,

1 09 .6  (d ) ,  137 .2  ( s ) ,  138 .0  ( s ) ,  147 .3  ( s ) ,  150 .5

( s ) .

(%): #  255, 253 (4 , 1 2 ) , 218 (1 0 0 ), 192 (1 6 ) , 191 (9 4 ) , 187 (1 5 ) , 

177 (1 5 ), 176 (9 2 ) , 161 (2 0 ) .
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S i l v e r - i o n  a s s i s t e d  m e th a n o ly s is  o f  ( 6 6 a )  i n  to lu e n e

To a  s t i r r e d  m ix tu re  o f  s i l v e r  t e t r a f lu o r d b o r a t e  (0 .2 7 g , 

1.37mrnol) and d ry  raetlianol ( 2 2 j i l ,  0 . 54mmol ) in  d ry  to lu e n e  (5m l) was 

added a  s o lu t io n  o f  ( 6 6 a ) (0 . 1 2 g , 0.46m iiol) in  to lu e n e  (5m l) u n d e r  N2 . 

A f te r  s t i r r i n g  f o r  4h a t  room te n p e ra tu r e ,  b r in e  (10ml) and  2M (aq) 

sodium  h y d ro x id e  s o lu t io n  (1 0 ml) were added , and th e  s o lu t io n  

s u b se q u e n tly  f i l t e r e d  ( to  remove th e  s i l v e r  s a l t  r e s id u e s ) .  The p ro d u c t 

was e x t r a c te d  in t o  d ich lo ro m eth an e  (3 x 15ml) and washed w ith  w ate r 

(20m l). The com bined o rg a n ic  e x t r a c t s  w ere d r ie d  o v e r  anhydrous 

magnesium s u lp h a te ,  and th e  s o lv e n t  e v ap o ra ted  a t  red u ced  p r e s s u r e .  The 

r e s id u e  was p u r i f i e d  l y  f l a s h  chrom atography (7 0 :3 0 , d i e th y l  e th e r :  

p e tro le u m  e th e r  [40-6CAC] ) .  The f i r s t  f r a c t io n  a f fo rd e d  (61a) (0 .047g , 

45%). F u r th e r  e l u t i o n  gave (69) (0 .0 7 0 g , 52%) a s  a  c o lo u r le s s  o i l .

6 h  (300MEÎZ, CDCI3 ) :  1 .8 0  (b r  s ,  exch , IH ), 1 .8 4  (d , Jw e-F  = 0.8H z, 

3H), 3 .4 2  ( s ,  3H), 3 .4 4  ( s ,  3H), 3 .6 6  (d, J  = 7.5Hz, IH ), 4 .1 6  (dd , J  = 

7.5H z, 4 .3H z, IH ), 4 .8 9  (dd, J  = 4.3H z, J h - f  = 1.8H z, IH ) .

6 c  (75MHz, CDCI3 ) :  17 .3  (q ) ,  5 8 .5  (q ) ,  6 0 .4  (q ) ,  7 0 .6  (d ) ,  7 7 .7  ( s ) ,

8 1 .4  ( d ) ,  8 2 .9  (d ) .

Vmax (CH2 C I2 ) :  2910m, 2900w, 1495s, 1485s, 1395w, 1375w, 1350w, 1200w, 

1145m, 1110s, 1045s, 1040m, 1020w, 980m, 930w, 905m, 855m, 845m cm” ^ . 

m/g (%); M+ 291 (8 ) ,  217 (1 2 ) , 204 (1 2 ) , 203 (1 0 0 ), 202 (3 4 ) ,  187 (1 1 ), 

175 (2 8 ) , 160 (1 4 ) , 155 (1 1 ) .

o b se rv ed  (M^ -  MeOCH=CHDMe) 203.0340

c a l c u la te d  fo r  C9 H5 NF4  203 .0338 .
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Low tem p e r a tu re  p r e p a r a tio n  and rearrangem ent o f  (6 7 c )  and su b seq u en t  

r e d u c t io n  o f  t h e  rearranqgneait p rod u cts

NCS (0 .0 7 5 g , O.SOirmol) was added to  a  s o lu t io n  o f (62c) (0 .1 1 5 g , 

0.52mmol) in  d ry  d ic h lo ro m e th an e  (5ml) a t  -5 0 % . A f te r  s t i r r i n g  f o r  I h  

a t  -5 0 % , th e  s o lv e n t was ev ap o ra ted  a t  red u ced  p r e s s u r e  w ith o u t 

a l lo w in g  th e  te n p e r a tu r e  o f  th e  r e a c t io n  m ix tu re  to  r i s e  above - 2 0 % . 

The r e s id u e  was d is s o lv e d  in  c o ld  to lu e n e  (5ml) and  f i l t e r e d  a t  low 

te n p e r a tu r e  ( t o  remove NCS and s u c c in im id e ) . The r e s u l t i n g  s o lu t i o n  o f  

N -ch lo roam ine  was s u b se q u e n tly  added to  a  m ix tu re  o f s i l v e r  t e t r a f  lu o r o -  

b o r a te  (0 .4 0 g , 2.02mmol) and d ry  m ethanol ( 2 5 p l ,  0.62ramol) i n  d ry

to lu e n e  (5m l) a t  -5 0 %  and s t i r r e d  a t  t h a t  t e n p e r a tu r e  fo r  3 h . The 

s a i p l e  was th e n  t r e a t e d  w ith  sodium  b o rc h y d rid e  (0 .5 0 g , 13.2iranol) i n  th e  

p re s e n c e  o f  d ry  m ethanol (1ml) and  s t i r r e d  fo r  a  f u r th e r  30 m in. B r in e  

(10ml) and  2M (aq ) sodium  h y d ro x id e  s o lu t io n  (10ml) w ere added and  th e  

s o lu t io n  f i l t e r e d  ( to  remove th e  s i l v e r  s a l t  r e s id u e s ) .  The p ro d u c ts  

were e x t r a c te d  in to  d ic h lo ro m eth an e  (3 x 15m l), washed w ith  w a te r  (20m l) 

and d r ie d  o v e r anhydrous magnesium s u lp h a te . The s o lv e n t  was e v a p o ra te d  

a t  red u ced  p r e s s u r e  t o  g iv e  a  c o lo u r le s s  o i l  which was p u r i f i e d  by  f l a s h

chrom atography  (6 0 :4 0 , d ie th y l  e th e r  : p e tro le u m  e th e r  [4 0 -6 0 % ] ) .  The

f i r s t  f r a c t i o n  a f fo rd e d  (73) (0 .0 1 5 g , 13%) a s  a  c o lo u r le s s  o i l .

6h  (300MHz, CDCI3 ) :  0 .5 7  (dd, J  = 4.2Hz, J  = 4.2H z, IH ), 0 .9 4  (dd , J  = 

8 .0H z, J  = 4.2H z, IH ), 1 .2 3  (dddd, J  = 8.0H z, J  = 7.4Hz, J  = 5.0H z, J  = 

4 .2H z, IH ), 1 .4 5  ( s ,  3H) , 1 .6 2  (b r  s ,  ex ch , IH ), 2 .8 5  (dd , J  = 11.6H z, J  

= 5.0H z, IH ), 3 .6 8  (dd, J  = 11.6Hz, J  = 7.4Hz, IH ) , 6 .2 1 , 6 .5 7  (AB 

q u a r t e t ,  J  = 8 . 8 Eiz, 2H).

«C (75MEÎZ, CDCI3 ): 15 .2  ( t ) ,  20 .7  ( s ) ,  22 .7  (q),  24 .5  (d) ,  44 .7  ( t ) ,

55.9  (q),  56 .1  (q) ,  99.7 (d), 107.5 (d) ,  115.5 ( s ) ,  134.1 ( s ) ,  142.3  

( s ) ,  153.2 ( s ) .
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Vmax (CH2 C I2 ) :  3395w, 2950s, 2920m, 2860m, 1600w, 1495s, 1455m, 1370w,

1320w, 1315w, 1230m, 1170w, 1105m, 1085m, 1065m cm""!.

^ /e  (%); 219 (1 0 0 ), 218 (3 9 ) , 206 (7 ) , 205 (3 7 ) , 204 (8 8 ) , 203 (9 ) ,

191 (1 0 ) , 190 (2 8 ) , 189 (2 4 ) , 188 (3 0 ) , 174 (3 4 ) . 

o b se rv e d  ^ /q 219.1253

c a lc u la te d  f o r  C1 3 H1 7 NO2  219 .1252 .

F u r th e r  e l u t i c n  o f  th e  column a f fo rd e d  (72) (0 .0 7 5 g , 58%).

ÔH OOOMEiz, CDCI3 ) :  1 .5 4  ( s ,  3H), 1 .9 6 -2 .2 6  (m, 4H ), 3 .4 0  ( s ,  3H),

3 .7 7  ( s ,  3H), 3 .7 9  ( s ,  3H ), 5 .1 6  (d , J  = 7.5Hz, IH ), 6 .4 3 , 6 .6 7  (AB

q u a r t e t ,  J  = lOHz, 2H).

6 c  (75MHz, CDCI3 ) :  1 9 .0  (q ) ,  2 5 .8  ( t ) ,  3 7 .3  ( t ) ,  4 8 .8  (q ) ,  5 6 .1  (q ) ,

5 6 .7  (q ) , 7 4 .7  (d ) ,  9 5 .3  ( s ) ,  1 1 0 .0  (d ) , 1 1 3 .9  (d ) ,  1 2 1 .5  ( s ) ,  1 4 1 .4  

( s ) ,  142.9  ( s ) ,  14 8 .0  ( s ) .

Vjnax (CH2 CI2 ) :  3000w, 2920m, 2815w, 1585m, 1495s, 1455m, 1430w, 1375w,

1360w, 1310w, 1240w, 1215w, 1 2 0 0 m, 1135w, 1100m, 1070s, 1025m, 950w,

795w cm”^ .

m/g (%): M+ 249 (7 7 ), 235 (1 5 ), 234 (54), 221 (1 8 ), 220 (100), 219 (17 ),

218 (75), 206 (39 ), 203 (1 7 ), 202 (17), 192 (35 ), 190 (26 ), 188 (28),

176 (23).

o b se rv ed  ^ /g  249.1359

c a lc u la te d  f o r  C1 4 H1 9 NO3  249 .1358.

F u r th e r  e l u t i c n  o f  th e  column w ith  d ie th y l  e th e r  a f fo rd e d  (62c) 

(O.OlOg, 8 %).
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Low tem p era tu re  p r e p a r a tio n  and rearrangem ent o f  ( 6 Qp)

NCS (0 .1 4 g , l.OSmmol) was added to  a  s o lu t io n  o f  ( 6 6 b) (0 .1 5 g , 

0 . 95mmol ) in  d ry  d ic h lo ro m e th an e  (8 ml) a t  -5 0 % . A f te r  s t i r r i n g  f o r  Ih  

a t  -5 0 % , th e  s o lv e n t  was e v a p o ra te d  a t  reduced  p r e s s u r e  w ith o u t 

a llo w in g  th e  te m p e ra tu re  o f  th e  r e a c t io n  m ix tu re  t o  r i s e  above - 2 0 % . 

The r e s id u e  was d is s o lv e d  in  c o ld  to lu e n e  (5ml) and f i l t e r e d  a t  low 

te n p e r a tu r e  ( to  remove any  NCS and s u c c in im id e ) . The r e s u l t i n g  s o lu t io n  

o f  N -ch lo roam ine was su b se q u e n tly  added to  s i l v e r  t e t r a f lu o r c b o r a t e  

(0 .7 2 g , 3.64m m ol), d ry  m ethano l (4 6 |il ,  1.14mmol) in  d ry  to lu e n e  (5m l) a t  

-5 0 % , and s t i r r e d  a t  t h a t  te n p e ra tu r e  fo r  4h . B rin e  (10m l) and  2M (aq) 

sodiura h y d ro x id e  s o lu t io n  (1 0 ml) w ere added and th e  s o lu t io n  f i l t e r e d  

( to  remove th e  s i l v e r  s a l t  r e s id u e s ) .  The p ro d u c ts  were e x t r a c te d  w ith  

d ic h lo ro m e th an e  (3 x 15m l), washed w ith  w a te r (20ml) and d r ie d  o v e r  

anhydrous magnesium s u lp h a te .  Ih e  s o lv e n t was e v a p o ra te d  a t  reduced  

p r e s s u r e  t o  g iv e  a  d a rk  o i l .  The re s id u e  was p u r i f i e d  by  f l a s h  

chrom atography (4 0 :6 0 , d i e t h y l  e th e r :p e tro le u m  e th e r  [4 0 -6 0 % ] ) t o  y ie ld  

sm a ll q u a n t i t i e s  o f  s e v e r a l  conpounds w hich co u ld  n o t b e  i d e n t i f i e d .  

F u r th e r  e l u t i o n  a f fo rd e d  4 -m e th y lq u in o lin e  (60b) (0 .0 8 g , 59%) a s  a  p a le  

y e llo w  o i l .

6h  (300MHz, CDCI3 ) :  2 .6 8  (d , J  = 0.9H z, 3H), 7 .2 0  (dd, J  = 4.5H z, J  = 

0 .9H z, IH ), 7 .5 4  (ddd, J  = 8 . 6 Hz, J  = 6 . 8 Hz, J  = 1.5Hz, IH ), 7 .6 8  (ddd, 

J  = 8 . 6 Hz, J  = 6 . 8 EÏZ, J  = 1 .5H z, IH ) , 7 .97  (ddd, J  = 8 . 6 Hz, J  = 1.5H z, J  

= 0.4Hz, IH ), 8 .0 9  (ddd, J  = 8 . 6 Hz, J  = 1.5Hz, J  = 0.4H z, IH ), 8 .7 5  (d , 

J  = 4 .5H z, IH ).

6 c  (75MHz, CDCI3 ) :  18 .2  ( q ) ,  1 21 .6  (d ) , 1 23 .6  (d ) ,  1 26 .1  (d ) ,  128 .0  

( s ) ,  128 .8  (d ) ,  1 2 9 .8  (d ) , 1 4 3 .9  ( s ) ,  1 4 7 .8  ( s ) ,  1 4 9 .8  (d ) .

V e  (%): 1 ^  143 (1 0 0 ), 142 (2 0 ) , 128 (6 ) ,  117 (6 ) ,  116 ( 9 ) ,  115 (2 2 ) .
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S i l v e r  io n  a s s i s t e d  m e th a n o ly s is  o f  (6 6 c )  i n  t o lu e n e

To a  s t i r r e d  m ix tu re  o f  s i l v e r  t e t r a f lu o r d b o r a t e  (0 .7 0 g , 

3.54mmol) and d ry  m ethanol ( 5 8 |i l ,  1.43mmol) in  d ry  to lu e n e  (10ml) was 

added a  s o lu t io n  o f  ( 6 6 c )  (0 .3 0 g , l,19m m ol) i n  to lu e n e  (15m l) u n d e r N2 . 

A f te r  s t i r r i n g  f o r  4h a t  room te m p e ra tu re , b r in e  (10ml) and  2M (aq) 

sodium  h y d ro x id e  s o lu t io n  ( 1 0 ml) w ere added and th e  s o lu t io n  

su b se q u e n tly  f i l t e r e d  ( to  remove th e  s i l v e r  s a l t  r e s id u e s ) .  The p ro d u c t 

was e x t r a c te d  in to  d ic h lo ro m e th an e  (3 x 15ml) and washed w ith  w a te r 

(20m l). The com bined o rg a n ic  e x t r a c t s  w ere d r ie d  o v e r  anhydrous 

magnesium s u lp h a te ,  and th e  s o lv e n t e v ap o ra ted  a t  red u ced  p r e s s u r e .  The 

r e s id u e  was p u r i f i e d  by  f l a s h  chrom atography ( d ie th y l  e t h e r ) .  The f i r s t  

f r a c t i o n  a f fo rd e d  (60c) (0 .0 7 2 g , 30%) a s  c o lo u r le s s  n e e d le s :  up  9 2 -9 4 % , 

l i t .  mp 9 4 -9 5 % .

«H (300MHz, CDCI3 ) :  2 .8 6  (d , J  = 0.8Hz, 3H), 3 .8 8  ( s ,  3H ), 4 .0 3  ( s ,  

3H), 6 .7 4 , 6 .9 1  (AB q u a r te t ,  J  = 8 . 6 Hz, 2H), 7 .1 4  (dd , J  = 4.4H z, J  = 

0 .8H z, IH ), 8 .7 1  (d , J  = 4 .4H z, IH ).

6 c  (75MHz, CDCI3 ) :  2 4 .4  ( q ) ,  5 5 .7  (q ) , 5 6 .1  ( q ) ,  1 0 4 .8  (d ) ,  10 6 .7  (d ) ,

121 .9  ( s ) ,  12 3 .9  (d ) , 1 4 1 .6  ( s ) ,  145 .6  ( s ) ,  1 4 9 .0  (d ) ,  1 4 9 .9  ( s ) ,  1 51 .2  

( s ) .

Vmax (CH2 C I2 ) :  3030w, 3000w, 2955m, 2915m, 2900w, 2815m, 1610s, 1595s, 

1565w, 1515m, 1460s, 1435m, 1395s, 1370w, 1340m, 1235s, 1175m, 1150s, 

1120s, 1070s, 1045s, 965w cm“ ^ .

(%): M+ 203 (4 4 ) , 202 (1 9 ) ,  189 (1 7 ), 188 (1 0 0 ), 187 (1 0 ) ,  174 (1 4 ) , 

160 (1 4 ), 159 (1 4 ) , 130 (1 2 ) .

F u r th e r  e lu t io n  o f  th e  column y ie ld e d  (61c) (0 .1 4 g , 55%).
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Low tem p era tu re  p r e p a r a tio n  and rearrangem ent o f  ( 6 6 c )

NCS (0 .1 4 g , l.OSnrraol) was added to  a  s o lu t io n  o f  (61c) (0 .2 1 g , 

0.97inmol) in  d ry  d ic h lo ro m e th an e  (10ml) a t  -5 0 % . A f te r  s t i r r i n g  f o r  Ih  

a t  -5 0 % , th e  s o lv e n t  was e v a p o ra te d  a t  red u ced  p r e s s u r e  w ith o u t 

a llo w in g  th e  te n p e r a tu r e  o f  th e  r e a c t io n  m ix tu re  t o  r i s e  above - 2 0 % . 

The r e s id u e  was d is s o lv e d  in  c o ld  to lu e n e  (5ml) and f i l t e r e d  a t  low 

te n p e r a tu r e  ( to  remove any  NCS and s u c c in im id e ) . The r e s u l t i n g  s o lu t io n  

o f  N -ch lo roam ine  was su b se q u e n tly  added t o  a  m ix tu re  o f  s i l v e r  t e t r a -  

f lu o r c b o r a te  (0 .7 7 g , 3.90mmol) and d ry  m ethanol (4 7 p l,  1 . 16mmol) in  d ry  

to lu e n e  (5ml) a t  -5 0 %  and  s t i r r e d  a t  t h a t  te n p e r a tu r e  fo r  3h . B rin e  

(10ml) and 2M (aq ) sodium  h y d ro x id e  s o lu t io n  (10ml) were added and th e  

s o lu t io n  f i l t e r e d  ( to  remove th e  s i l v e r  s a l t  r e s id u e s ) .  The p ro d u c ts  

w ere e x t r a c te d  w ith  d ic h lo ro m e th an e  (3 x 15m l), washed w ith  w a te r  (10ml) 

and d r ie d  o v e r anhydrous magnesium s u lp h a te . The s o lv e n t  was ev a p o ra te d  

a t  reduced  p r e s s u r e  t o  g iv e  a  d a rk  o i l .  P u r i f i c a t i o n  by  f l a s h  chroma

to g rap h y  ( d ie th y l  e th e r )  y ie ld e d  sm a ll q u a n t i t i e s  o f  s e v e r a l  conpounds 

w hich w ere u n id e n t i f i a b l e .  F u r th e r  e l u t i o n  a f fo rd e d  (60c) (0 .0 8 2 g ,

42%).

8-O xa-9-azab icyclo[3 .2 . 2]non-6-ene ( 9 6 ) ^

1 -C h lo ro - l-n i tro s o c y c lo h e x a n e  (3 .3 3 g , 22.6mmol) was d is s o lv e d  in  

a  m ix tu re  o f  ca rb o n  t e t r a c h l o r i d e  (10ml) and e th a n o l (7 m l). A f te r  

c o o lin g  t o  - 2 0 % , 1 , 3 -c y c lo h e p ta d ie n e  (2 . 0 g , 2 1 . 2 mmol ) was added

dropw ise  w ith  s t i r r i n g ,  and th e n  th e  r e s u l t i n g  s o lu t io n  a llo w ed  to  s ta n d  

fo r  5 d ay s  a t  -1 0 % . The s e p a ra te d  c r y s t a l s  were c o l le c t e d  by  

f i l t r a t i o n  and w ashed w ith  d i e th y l  e th e r  u n t i l  th e  b lu e  c o lo u r  o f  th e  

n i t r o s o  conpound d is a p p e a re d . The p ro d u c t was r e c r y s t a l l i s e d  from 

e th a n o l - e th e r  t o  y i e ld  (96) (2 .8 6 g , 83%) a s  c o lo u r le s s  n e e d le s :  np

178-180% , l i t .  np 179-181% .
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6 h  (300MHz, CD3 OD): 1 .3 7 -2 .1 9  ( s e r i e s  o f  m, 6 H ), 4 .5 5  (b r  t ,  J  =

6 .5H z, IH ), 4 .9 7  (b r  t ,  J  = 6.5Hz, IH ), 6 .4 3  (ddd, J  = 9.5H z, J  = 6.5H z,

J  = l.O H z, i h ) ,  6 .6 0  (ddd, J  = 9 .5H z, J  = 6 .5H z, J  = 1 .5H z, IH ) .

6 c  (75MHz, CD3 OD): 1 8 .8  ( t ) ,  3 1 .7  ( t ) ,  5 5 .8  (d ) ,  7 9 .1  ( d ) ,  1 2 5 .9  (d ) ,

13 2 .1  (d ) .

m/g (%): M+ -  HCl 125 (2 9 ) , 108 (2 1 ) , 97 (1 0 ) , 96 (3 0 ) , 94 (3 3 ) , 93

(3 6 ) , 92 (1 0 ) , 91 (2 7 ) , 81 (1 4 ) , 80 (2 4 ) , 79 (1 0 0 ).

c i s - 4 —AniinocycJLdiieptanol h y d ro c h lo r id e  ( 9 7 ) ^

A s o lu t io n  o f  (96) (1 .9 8 g , 12.3nnrol) in  m ethanol (100ml) was

h y d ro g en a ted  a t  1 atm  in  th e  p re se n c e  o f  5% p a lla d iu m  on c h a rc o a l .  

A f te r  lOh, th e  c a t a l y s t  was f i l t e r e d  o f f  and th e  s o lv e n t  was e v a p o ra te d

a t  reduced  p r e s s u r e  t o  y i e l d  th e  h y d ro c h lo r id e  s a l t  o f  (97) (1 .9 3 g , 96%)

a s  c o lo u r le s s  c r y s t a l s :  np 170-171% , l i t .  np  171 -1 7 3 % .

6 y  (90MEiz, CD3 QD): 1 .2 5 -2 .1 5  ( s e r i e s  o f  m, lOH), 3 .9 1  (m, IH ), 4 .8 2

(b r  s ,  IH ).

6 c  (75MHz, CD3 OD): 2 0 .6  ( t ) ,  2 7 .3  ( t ) ,  3 2 .8  ( t ) ,  3 4 .5  ( t ) ,  3 7 .6  ( t ) ,

5 3 .4  (d ) ,  7 1 .0  ( d ) .

(%): M+ -  HCl 129 ( 7 ) ,  112 (8 ) ,  8 6  (1 0 ) , 83 (1 3 ) , 82 (1 9 ) , 72 (1 0 ) ,

70 (1 2 ) , 57 (8 7 ) , 56 (1 0 0 ).

c is -4 -([B e n z y lo x v c a rb c n y l!la iiiln o )c y c lo h e p ta n o l ( 9 8 ) ^

A s o lu t io n  o f  (97) h y d ro c h lo r id e  (1 .8 9 g , 11.4mmol) in  w a te r 

(25ml) was suspended  in  ch lo ro fo rm  (35m l), c o o led  t o  0 %  and th e n  sodium  

c a rb o n a te  (2 .3 4 g , 22.1mmol) was added in  one p o r t i o n .  A f te r  s t i r r i n g  

f o r  30 min. a t  0 % , a  s o lu t io n  o f  b en zy l c h lo ro fo rm a te  (1 .8 m l, 12 . 5mmol )

in  ch lo ro fo rm  (35ml) was added dropw ise to  th e  su sp e n s io n  w ith  v ig o ro u s

s t i r r i n g  o v e r  30 m in. The r e s u l t i n g  m ix tu re  was a llo w ed  t o  warm t o  room
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t e n p e r a tu r e  and s t i r r e d  fo r  a  f u r th e r  2h. A f te r  s e p a r a t io n  o f  th e  

o rg a n ic  l a y e r ,  th e  aqueous la y e r  was r e - e x t r a c te d  w ith  c h lo ro fo rm  

(3 X 4 0m l). The conb ined  o rg a n ic  la y e r s  were s u c c e s s iv e ly  washed w ith  

w a te r  (50ml) and  2M h y d ro c h lo r ic  a c id  (50m l), d r ie d  o v e r  anhydrous 

magnesium s u lp h a te  and th e  so lv e n t ev ap o ra ted  a t  reduced  p r e s s u r e .  The 

r e s id u e  was p u r i f i e d  Tcy f l a s h  chrom atography ( e th e r )  t o  y i e l d  (98) 

(2 .4 4 g , 81%) a s  c o lo u r le s s  n e e d le s ; np 7 2 -7 4 % , l i t .  np  7 2 -7 4 % .

6 h  (9QMHz, CDCI3 ) ;  1 .2 7 -1 .9 5  ( s e r i e s  o f  m, lO H ), 2 .1 0  (b r  s ,  exch ,

IH ), 3 .6 9  (b r  s ,  IH ), 3 .9 1  (b r  s ,  IH ), 4 .9 6  (b r  s ,  IH ), 5 .0 9  ( s ,  2H),

7 .3 5  ( s ,  5H).

Vmax (CH2 CI2 ) :  3600m, 3520m, 3430m, 3300m, 2930s, 2860m, 1710s, 1500s, 

1450m, 1420w, 1370w, 1335w, 1310m, 1220s, 1100s, 1060m, 1025s, 970w 

cm"*^.

m/g (%); M+ 263 (5 ) ,  172 (6 ) ,  154 (5 ) ,  146 (12), 108 (50) , 107 (25) , 100

(21), 91 (100), 84 (24) , 79 (29).

t r a n s - l - (  [B e n z y la x y c a r b o o y l]a m in o )-4 -c h la r o -c v c lo h e p ta n e  (9 9 )8 2

A s o lu t io n  o f  th io n y l  c h lo r id e  (0 .75m l, 6 . 30mmol) in  ch lo ro fo rm  

(10ml) was added  d ropw ise  t o  a  s o lu t io n  o f  (98) ( l .O g , 3.80mmol) and 

p y r id in e  (3m l, 37.4mmol) i n  ch lo ro fo rm  (40ml) a t  0 % . A f te r  r e f lu x in g  

f o r  1 2 h , th e  r e a c t io n  m ix tu re  was pou red  in to  ic e -w a te r  ( 1 0 0 ml) and th e  

aqueous la y e r  was e x t r a c te d  w ith  ch lo ro fo rm  (3 x 30m l). The combined 

o rg a n ic  e x t r a c t s  were d r ie d  o v e r anhydrous magnesium s u lp h a te  and th e  

s o lv e n t  e v a p o ra te d  a t  red u ced  p r e s s u re .  The r e s id u e  was p u r i f i e d  by  

f l a s h  ch rom atography  (5 0 :5 0 , d ie th y l  e th e r  : p e tro le u m  e th e r  [4 0 -6 0 % ] ) to  

y i e ld  (99) (0 .6 2 g , 58%) a s  c o lo u r le s s  n e e d le s :  np  5 5 -5 6 % , l i t .  mp

5 6 -5 7 % .

6 y  (90MHz, CDCI3 ) : 1 .2 7 -2 .3 0  ( s e r i e s  o f  m, lOH), 3 .7 5  (b r  m, IH ), 4 .1 0  

(b r  m, IH ), 4 .7 5  (b r  s ,  IH ), 5 .0 5  ( s ,  2H ), 7 .3 0  ( s ,  5H).
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Vmax (CH2 C I2 ) :  3440m, 3015w, 2940s, 1715s, 1515s, 1500s, 1450m, 1335w, 

1310m, 1220s, 1115m, 1070w, 1020m, 910m, 875w cm” l .

^ / e  (%): 283 (2 ) ,  281 ( 6 ) ,  245 (5 ) ,  202 (1 3 ) , 190 (1 5 ) , 146 (4 2 ) , 108

(8 1 ) , 91 (1 0 0 ), 79 (2 0 ) .

N-<3artxi3en23axvDortrcpane (100)8^

P o ta ss iu m  ^ -b u to x id e  (0 .2 6 g , 2.32mmol) was added in  sm a ll

p o r t io n s  t o  a  s o lu t io n  o f  (99) (0 .6 2 g , 2.0ramol) i n  1 :1  benzene^iMPA 

(15ml) a t  0 % . The r e a c t io n  m ix tu re  was a llo w ed  t o  warm to  room 

te n p e r a tu r e ,  s t i r r e d  f o r  a  f u r th e r  2 .5 h  u n d er N2  and th e n  p o u red  in t o  

ic e -w a te r  (100m l) c o n ta in in g  c o n c e n tra te d  h y d ro c h lo r ic  a c id  (2m l). The 

o rg a n ic  la y e r  was s e p a ra te d  and th e  aqueous la y e r  e x t r a c te d  w ith  b en zen e  

(3 X 20 m l). The o rg a n ic  e x t r a c t s  were com bined, washed w ith  w a te r  

(50m l), d r i e d  o v e r  anhydrous magnesium s u lp h a te  and  th e  s o lv e n t  

e v a p o ra te d  a t  red u ced  p r e s s u r e .  The r e s id u e  was p u r i f i e d  by  f l a s h

chrom atography  (4 0 :6 0 , d ie th y l  e th e r :p e tro le u m  e th e r  [4 0 -6 0 % ] ) to  y i e l d

(100) (0 .3 1 g , 57%) a s  a  c o lo u r le s s  o i l .

«H (90MHz, CDCI3 ) :  1 .3 0 -2 .0 5  ( s e r i e s  o f  m, lOH), 4 .2 1  (b r  s ,  2H ), 5 .1 0  

( s ,  2 h ) , 7 .3 2  (m, 5H).

6 c  (75MHz, CDCI3 ) :  1 6 .7  ( t ) ,  2 7 .7  ( t ) ,  2 8 .5  ( t ) ,  3 0 .8  ( t ) ,  3 1 .5  ( t ) ,

5 4 .1  ( d ) ,  6 6 .5  ( t ) ,  1 2 7 .9  (d ) , 12 8 .4  (d ) ,  1 3 7 .4  ( s ) ,  1 5 3 .7  ( s ) .

Vmax (CH2 C I2 ) :  3015w, 2940s, 2875m, 1690s, 1420s, 1380w, 1350m, 1320m, 

1310m, 1260s, 1220m, 1165m, 1100s, 1085m, 1035m, 980w, 950m, 895s an*"l. 

^ / q (%): M+ 245 ( 9 ) ,  172 (1 0 ) , 159 ( 5 ) ,  158 (1 2 ) , 138 ( 7 ) ,  110 ( 9 ) ,  95 

(1 2 ) , 92 (2 0 ) , 91 (1 0 0 ).
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Nôrtropane (110)
A s o lu t io n  o f  hydrogen  brom ide in  g l a c i a l  a c e t i c  a c id  (45% w /v, 

2ml) was added d ropw ise  t o  (100) (0 .3 1 g , 1.26ramol) a t  0 % . The r e a c t io n  

m ix tu re  was a llo w ed  to  warm to  room te n p e r a tu r e ,  s t i r r e d  fo r  a  f u r th e r  

2h and th e n  p o u red  in to  ic e -w a te r  ( 20ml ) .  The aqueous la y e r  was washed 

w ith  d ie th y l  e th e r  ( 2 0 m l), c o o le d , and c a r e f u l ly  b a s i f i e d  w ith  2 m (aq) 

sodium  h y d ro x id e  s o lu t io n .  The r e s u l t in g  am ine was e x t r a c te d  in t o  

d i e th y l  e th e r  ( 2  x 2 0 m l) and a c i d i f i e d  by  th e  d ropw ise  a d d i t io n  o f 

c o n c e n tra te d  h y d ro c h lo r ic  a c id .  The p ro d u c t was e x t r a c te d  in to  w a te r  

(3 X 20ml) and  th e  s o lv e n t  ev a p o ra te d  a t  reduced  p r e s s u re  to  y i e ld  (110) 

(0 .1 8 g , 97%) a s  th e  h y d ro c h lo r id e  s a l t .

6 h  (90MHz, CDCI3 ) ;  1 .3 8 -2 .5 0  ( s e r i e s  o f  m, lOH), 4 .0 1  (b r  s ,  2H), 9 .2 3  

(b r  s ,  ex ch , 2H).

N -(B en zy lo x v ca r t» o n y l)-8 -o o c a -9 --a za b ic v c lo [3 .2 .2 ]n c )n -6 -en e  ( 1 1 3 ) ^

To a  s o lu t io n  o f  c y c lo h e p ta d ie n e  (3 .5m l, 32.3mmol) and  b en zy l-N - 

hyd roxycarbam ate  (5 .7 9 g , 34.6mraol) in  d ic h lo ro m eth an e  (60m l) was added a  

su sp e n s io n  o f  tétram éthylam m onium  m e ta p e rio d a te  (9 .2 7 g , 35.0mmol) in  

d ic h lo ro m e th an e  (20ml) o v e r 30 min. a t  0 % . A f te r  s t i r r i n g  a t  room 

te n p e r a tu r e  fo r  1 .5 h , th e  r e a c t io n  m ix tu re  was washed w ith  aqueous 

sodium  b i s u l p h i t e  (15%, 3 x 30m l), s a tu r a te d  aqueous sodium  hydrogen  

c a rb o n a te  (2 x 30ml) and  b r in e  (30ml) and d r ie d  o v e r anhydrous magnesium 

s u lp h a te .  The s o lv e n t  was e v a p o ra te d  a t  reduced  p r e s s u r e  and th e  

r e s id u e  p u r i f i e d  by  f l a s h  chrom atography (4 0 :6 0 , d i e t h y l  e th e r :p e tro le u m  

e th e r  [4 0 -6 0 % ])  t o  y i e ld  (113) (7 .5 4 g , 90%) as c o lo u r le s s  n e e d le s :  np 

20- 21% .

(90MEIz, CDCI3 ) :  1 .1 9 -1 .9 2  ( s e r i e s  o f  m, 6 H), 4 .7 5  (b r  m, 2H), 5 .1 5  

( s ,  2H), 6 .2 0  (m, 2H), 7 .2 8  ( s ,  5H).
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Vmax (CH2 C I2 ) :  3040w, 2940m, 1690s, 1550w, 1500w, 1420s, 1355m, 1260s, 

1205m, 1085m, 1030w, 970w, 895m, 760s cm“ l .

(%): 259 (1 0 ) , 215 (2 4 ) , 186 (7 ) , 141 (5 ) ,  109 (6 ) ,  108 (3 8 ), 107

(3 2 ) , 106 (1 3 ) ,  105 (1 1 ) , 94 (3 5 ) , 93 (1 6 ), 92 (5 4 ) , 91 (1 0 0 ).

Found: C, 6 9 .7 0 ; H, 6 .7 1 ; N, 5.25%. C1 5 H1 7 NO3

r e q u i r e s :  C, 6 9 .4 8 ; H, 6 .6 1 ; N, 5.40%.

cis-4-( CBenzylogycailxaiyl]ainiiio) -2-cyclcheptenoI ( 114)
Na2 HP0 4  ( 2 . 8 6 g , 20.15mmol) was added to  a  s o lu t io n  o f  (113) 

(1 .1 5 g , 4.43mmol) in  e th a n o l (40m l). To t h i s  su sp e n s io n  was added  5% 

sodium  amalgam (1 3 .2g) i n  sm a ll p o r t io n s  o v e r 30 m in. w ith  s t i r r i n g  a t  

0 % . The r e a c t io n  m ix tu re  was a llo w ed  to  warm t o  rocan te n p e r a tu r e  and 

s t i r r e d  f o r  a  f u r th e r  2h . A f te r  f i l t r a t i o n ,  th e  f i l t r a t e  was

c o n c e n tra te d  a t  red u ced  p r e s s u r e .  The r e s id u e  was d is s o lv e d  i n  

d ic h lo ro m e th an e  (100m l), washed w ith  w a te r  (50ml) and d r ie d  o v e r

anhydrous magnesium s u lp h a te .  The s o lv e n t  was e v a p o ra te d  a t  red u ce d  

p r e s s u re  to  y i e l d  (114) (0 .084g , 7%) a s  a  c o lo u r le s s  o i l .

(300MEÎZ, CDCI3 ) :  1 .4 0 -2 .0 4  ( s e r i e s  o f  m, 6 H ), 4 .2 6  (b r  d , J  = 

10.6H z, IH ), 4 .3 9  (b r  d , J  = 9.7Hz, IH ), 5 .0 3  (b r  s ,  exch , IH ), 5 .0 9  ( s ,  

2H), 5 .5 4  (dddd, J  = 12.0H z, J  = 3.9H z, J  = 2 .2H z, J  = 0 .7H z, IH ), 5 .7 7  

(b r  dd, J  = 12.0Hz, J  = 2.8Hz, IH ), 7 .20  ( s ,  5H) .

6 c  (75MHz, CDCI3 ) :  2 4 .2  ( t ) ,  3 3 .9  ( t ) ,  3 6 .0  ( t ) ,  5 1 .9  (d ) , 6 6 .7  ( t ) ,

7 1 .4  (d ) ,  12 8 .1  ( d ) ,  12 8 .5  (d ) ,  133 .0  (d ) ,  1 3 3 .7  ( s ) ,  1 3 6 .4  (d ) ,  1 3 7 .4  

( d ) ,  169 .3  ( s ) .

Vmax (CH2 C I2 ) :  3600m, 3435m, 3015w, 2930s, 2875w, 1710s, 1510m, 1495s, 

1380m, 1305w, 1210m, 1125w, 1085m, 1045m, 1025s, 905w, 810w cm“ l .
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® /e (%): 261 (3 ) ,  243 (1 0 ) , 200 (1 0 ), 199 (6 ) ,  163 (1 3 ) , 162 (1 1 ),

161 (7 7 ) , 152 ( 3 0 ) , 146 (1 9 ) , 126 (6 2 ), 110 ( 3 6 ) , 109 ( 2 6 ) , 108 ( 7 5 ), 

107 (4 6 ) , 98 (2 0 ) , 95 (1 8 ) , 94 (1 0 0 ). 

o b se rv e d  ^ /g  261.1371

c a lc u la te d  fo r  C1 5 H1 9 NO3  261.1365.

8 -Q m -9 - a 2sab icycloC 3 . 2 . 2 lnon--6 -nene (115)

A s o lu t io n  o f  hydrogen  brom ide in  g l a c i a l  a c e t i c  a c id  (45%, 

40ml) was added  d ropw ise  t o  (113) (7 .4 0 g , 2 8 .5mmol) a t  0 % . The

r e a c t io n  m ix tu re  was a llow ed  to  warm to  room te n p e r a tu r e ,  s t i r r e d  fo r  a  

f u r t h e r  2h, and th e n  p o u red  in to  ic e -w a te r  (150m l). The aqueous 

s o lu t io n  was w ashed w ith  d ich lo ro m eth an e  (1 0 0 m l), co o le d , and th e n  

c a r e f u l l y  b a s i f i e d  w ith  2m (aq ) sodium h y d ro x id e  s o lu t i o n .  The p ro d u c t 

was e x t r a c te d  in t o  d ich lo rcanethane  (3 x 150ml) and  d r ie d  over anhydrous 

magnesium s u lp h a te .  Removal o f  th e  s o lv e n t  a t  reduced  p r e s s u re  a f fo rd e d  

(115) (2 .5 8 g , 72%) a s  a  c o lo u r le s s  o i l .

6 h  (9(M iz, CDCI3 ) :  1 .1 0 -1 .9 5  ( s e r i e s  o f m, 6 H ), 3 .6 2  (m, IH ), 4 .5 4

(m, IH ), 4 .6 5  (b r  s ,  exch , IH ), 6 .0 5  (b r  dd, J  = 9.0H z, J  = 6.5H, IH ),

6 .4 3  (b r dd , J  = 9 .0H z, J  = 6 .5H z, IH ).

Vmax (CH2 CI2 ) :  3055s, 2985m, 2940m, 1500w, 1420m, 1260s, 1155w, 1130w,

1090w, 1065w, 1030W, 995s, 760s cm“ l .

m/e (%): 125 (2 5 ) , 108 (1 4 ) , 98 (6 ) ,  97 (2 1 ) , 95 (3 5 ) , 94 (2 8 ) , 93

( 9 ) ,  92 (4 2 ) , 82 ( 6 ) ,  81 (1 1 ) , 80 (1 3 ) , 79 (1 0 0 ).

c is -4 -A m iiio -2 -c v c lc h e p te n o l  (116 )

To a  s o lu t io n  o f  (115) (3 .1 0 g , 24.8mmol) i n  g l a c i a l  a c e t i c  a c id  

(75ml) was added  z in c  powder (2 4 .8g , 0 .38m ol) a t  0 % . The re a c tic a i  

m ix tu re  was h e a te d  a t  50 -60%  fo r  4h and th e n  f i l t e r e d .  The r e s id u e  was
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w ashed w ith  g l a c i a l  a c e t i c  a c id  (lOOml) and  th e  f i l t r a t e  e v a p o ra te d  a t  

red u ce d  p r e s s u r e .  The r e s id u e  was co o led , b a s i f i e d  w ith  c o n c e n tra te d  

ammonia s o lu t io n  and  th e  p ro d u c t e x t r a c te d  in to  d ic h lo ro m eth an e  (3 x 

100m l). The com bined o rg a n ic  la y e r s  were d r ie d  o v e r anhydrous sodium  

s u lp h a te  and th e  s o lv e n t  e v ap o ra ted  a t  reduced  p r e s s u re  to  y i e ld  (116) 

(2 .0 2 g , 64%) a s  a  c o lo u r le s s  o i l .

6 h  (90MHz, CDCI3 ) :  1 .3 9 -2 .2 0  ( s e r i e s  o f  m, 6 H ), 2 .6 9  (b r  s ,  exch ,

3H), 3 .4 5  (m, IH ), 4 .2 0  (m, 2H), 5 .4 2 -5 .8 9  (m, 2H ).

c is ^ 4 -(C B e n z y lo x y c a i± a iy l]a in ln o )--2 -c !y c lc h e p ta x )l (1 1 4 )

To a  su sp e n s io n  o f sodium h y d rid e  (80% d is p e r s io n ,  0 . 168g) i n  

d ry  d ie th y l  e th e r  (40ml) was added dropw ise a  s o lu t io n  o f  (116) (0 .7 1 g , 

5.59mmol) i n  d i e th y l  e th e r  (10m l). A f te r  s t i r r i n g  a t  room te n p e r a tu r e  

f o r  2 h ,  th e  r e a c t io n  m ix tu re  was co o led  t o  0 % , and b e n z y l c h lo ro fo rm a te  

(0 .80m l, 5 . 60mmol) was added d ropw ise . The r e s u l t i n g  s o lu t io n  was

a llo w ed  t o  warm t o  room te n p e r a tu r e ,  s t i r r e d  fo r  a  f u r th e r  2 h  and th e n  

p o u red  in to  w a te r  (40m l). A f te r  s e p a ra t io n  o f  th e  o rg a n ic  l a y e r ,  th e  

aqueous la y e r  was e x t r a c te d  w ith  d ich lo ro m eth an e  (3 x 20ml) and th e  

com bined o rg a n ic  l a y e r s  d r ie d  o v er anhydrous sodium  s u lp h a te . The

s o lv e n t  was e v a p o ra te d  a t  reduced  p re s s u re  to  y i e ld  (114) (1 .3 8 g , 95%).

t r a n s - 1 - ( [B enzylc)K ycartaT yl]am ino) - 4 -c h lo r o -2 - c y c lc h e p te n e  ( 118a)

A s o lu t io n  o f  th io n y l  c h lo r id e  (0 .27m l, 3.72mmol) i n  ch lo ro fo rm  

(5ml) was added d ropw ise  t o  a  s o lu t io n  o f  (114) (0 .3 0 g , 1 . 15mmol) and 

p y r id in e  (0 .7 6 m l, 9.48mmol) i n  ch lo ro fo rm  (20ml) a t  0 % . A f te r  s t i r r i n g  

f o r  I h  a t  0 % , th e  r e a c t io n  m ix tu re  was pou red  in t o  ic e -w a te r  (30m l) and 

th e  acjueous la y e r  was e x t r a c te d  w ith  ch lo ro fo rm  (2 x 30m l). The

com bined o rg a n ic  e x t r a c t s  w ere d r ie d  o v er anhydrous magnesium s u lp h a te .
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The s o lv e n t  was ev a p o ra te d  a t  reduced  p re s s u re  t o  y ie ld  (118a) (0 .2 5 g , 

78%) a s  a  y e llo w  o i l .

(90MHz, CDClg); 1 .4 6 -2 .2 7  ( s e r i e s  o f m, 6 H ), 4 .3 1  (m, IH ), 5 .0 2

(b r  s,  exch , IH ), 5 .0 7  ( s ,  2H), 5 .1 6  (m, IH ), 5 .5 8 -5 .8 8  (m, 2H), 7 .33  

( s ,  5H).

6 c  (75MHz, CDCI3 ) ;  23 .3  ( t ) ,  3 3 .5  ( t ) ,  3 3 .8  ( t ) ,  5 1 .5  (d ) ,  6 6 . 6  ( t ) ,  

7 2 .9  (d ) ,  1 2 8 .0  ( d ) ,  1 2 8 .4  ( d ) ,  132 .7  (d ) ,  13 5 .1  ( d ) ,  1 36 .3  ( s ) ,  1 3 7 .8  

(d ) ,  1 5 5 .4  ( s ) .

Viiiax (CH2 C I2 ) : 3415m, 3040w, 2915m, 1715s, 1505s, 1445w, 1320m, 1300w, 

1215m, llOOw, 1070w, 1025w, 975w, 945w, 775m, 750m cm“ ^ .

^ / e  (%): ^  281, 279 (2 , 6 ) ,  243 (1 5 ), 200 ( 8 ), 199 (6 ) , 182 (1 0 ) , 153

(9 ) ,  152 ( 5 1 ) , 134 (1 0 ) , 124 (1 0 ) , 109 ( 2 0 ) , 108 ( 7 6 ) , 107 (4 4 ) , 94 

(2 5 ) , 93 (2 1 ) , 92 (1 0 0 ).

c i s - 1 - ( [B enzyloxyca iixM iy lJaH iin o)-4 -acetoxy^ 2--cvclch fip ten e ( 127)

A c e ty l c h lo r id e  (0 .2 7 g , 3.80mmol) was added d ropw ise  to  a

s o lu t io n  o f  (114) (0 .5 7 g , 2.20ramol) and p y r id in e  (0 .6 0 m l, 7.49mmol) in  

d ry  d ic h lo ro m e th a n e  (25ml) a t  0 % . The r e a c t io n  m ix tu re  was s t i r r e d  fo r  

2 h  a t  0 % , and th e n  washed w ith  s a tu r a te d  sodium  b ic a rb o n a te  s o lu t io n  

(2 X 20m l), co p p er s u lp h a te  s o lu t io n  (2 x 20ml) and  w a te r  (20m l). The 

o rg a n ic  e x t r a c t  was d r ie d  o v e r anhydrous p o ta ss iu m  c a rb o n a te  and th e  

s o lv e n t  e v a p o ra te d  a t  reduced  p r e s s u re  to  y i e ld  (127) (0 .6 2 g , 93%) a s  a  

c o lo u r le s s  o i l .

6 h  (90MHz, CDCI3 ) :  1 .3 9 -1 .9 8  ( s e r i e s  o f  m, 6 H ), 2 .0 1  ( s ,  3H), 4 .2 5

(m, IH ), 4 .9 0  (b r  s ,  exch , IH ), 5 .0 5  ( s ,  2H), 5 .3 0  (m, IH ), 5 .5 5 -5 .6 5  

(m, 2H), 7 .2 7  ( s ,  5H).

Vmax (CH2 C I2 ) :  3440m, 3035w, 2940m, 2860w, 1720s, 1500s, 1440m, 1420s,

1370m, 1300m, 1260s, 1230s, llSOw, 1 1 1 0 m, 1065w, 1025m, 985w, 8 9 5 s , 750s 

cm“l .
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® /e (%): 303 ( 6 ) ,  244 (2 5 ) , 243 (4 1 ) , 200 (1 4 ) , 199 (1 9 ), 157 (6 ),

156 (1 6 ) ,  152 (1 7 ) ,  126 (1 2 ) , 110 (1 9 ) , 109 (1 8 ) , 108 (3 5 ) ,  107 (1 6 ) , 95

(1 0 ) , 94 (1 0 0 ), 93 (1 5 ) , 92 (5 5 ) . 

o b se rv e d  ®/g 303.1465

c a l c u la te d  fo r  C1 7 H2 1 NO4  303.1470.

l - ( [B e n z y la x v c a r b c n y l3 a m in o )-2 ,4 -c y c lc ih e p ta d ie n e  (1 2 8 )

To a  s o lu t io n  o f  (127) (0 .62g , 2 . 04mmol) and t r i e t h y lam ine

(0 .29m l, 2.08mmol) in  d ry  te tr a h y d ro fu ra n  (10ml) was added

Pd2 (d b a ) 3 .CHCl3  (O .lO g, O.lOmmol) and tr ip h e n y lp h o s p h in e  (0 .2 1 g , 

0.80ramol) u n d er N2 . The r e a c t io n  m ix tu re  was h e a te d  a t  r e f lu x  f o r  14h, 

f i l t e r e d  th ro u g h  a  s h o r t  column o f s i l i c a ,  and th e n  th e  so lv e n t was 

e v a p o ra te d  a t  red u ced  p r e s s u r e .  The r e s id u e  was p u r i f i e d  by  f l a s h  

ch rom atography  (3 0 :7 0 , d i e th y l  e th e r  : p e tro leu m  e th e r  [4 0 -6 0 % ])  t o  y ie ld  

(128) (0 .3 1 g , 64%) a s  a  p a le  y e llo w  o i l .

(30OlHz, CDCI3 ) ;  1 .7 6 -2 .4 3  ( s e r i e s  o f  m, 4H ), 4 .4 9  (m, IH ), 5 .0 2

(b r  s ,  exch , IH ), 5 .0 8  ( s ,  2H), 5 .6 6 -5 .9 6  (m, 4H ), 7 .3 1  ( s ,  5H).

6 c  (75MHz, CDCI3 ) :  26 .3  ( t ) ,  3 1 .3  ( t ) ,  5 1 .6  (d ) ,  6 6 . 6  ( t ) ,  124 .3  (d ) ,

1 2 5 .8  (d ) ,  1 2 7 .9  (d ) ,  1 2 8 .4  ( d ) ,  132 .6  (d ) , 13 5 .2  ( d ) ,  1 3 6 .4  ( s ) ,  155 .2  

( s ) .

Vmax (CH2 C I2 ) :  3440m, 3035w, 2935w, 1715s, 1500s, 1450w, 1400w, 1340w,

1310m, 1215s, liaO w , llOOw, 1050m, 1025w, 920w cm“ ^.

“ / e  (%): #  243 (8 ) ,  182 (1 2 ) , 152 (7 5 ) , 135 ( 8 ) ,  134 (1 5 ) , 120 (1 3 ),

109 ( 9 ) ,  108 (6 9 ) ,  107 (4 4 ) , 106 (1 8 ) , 93 (6 ) ,  92 (1 9 ) ,  91 (1 0 0 ).

o b se rv ed  ’’'/g  243.1251

c a lc u la te d  f o r  C1 5 HP7 NO2  243 .1259.
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N -B en zo y l-8 --oxa--9 --a2a b ic v c lo C 3 . 2 . 2 3 non-6 -€ n e  ( 1 3 2 b ) ^

1 , 3 -c y c lo h e p ta d ie n e  (1 .15m l, lO.Gmmol) was added to  a  su sp e n sio n  

o f  tétram éthylam m onium  m e ta p e r io d a te  (3 .9 2 g , 14.8mmol) in  c h lo ro fo rm

(140m l). To th s  m ix tu re  was added d ropw ise  a  s o lu t io n  o f  b en zo - 

hydroxam ic a c id  (2 .0 7 g , 15.1ramol) in  d im ethy lform am ide (10ml) and 

c h lo ro fo rm  (30ml) w ith  s t i r r i n g  a t  room te n p e r a tu r e  o v e r 20min. A f te r  

s t i r r i n g  f o r  3h, th e  c h lo ro fo rm  was d i s t i l l e d  a t  red u ced  p r e s s u r e .  The 

r e s id u e  was d is s o lv e d  in  d ie th y l  e th e r  (2 0 0 ml) and  washed w ith  w a te r 

(3 X 50m l). The o rg a n ic  la y e r  was s e p a ra te d ,  d r ie d  o v e r  anhydrous 

magnesium s u lp h a te  and th e n  th e  s o lv e n t ev a p o ra te d  a t  reduced  p re s s u re  

t o  y i e l d  (1 3 2 b ), (2 .4 0 g , 99%) a s  c o lo u r le s s  c r y s t a l s :  np 100-101% ,

l i t .  np 1 0 1 - 1 0 2 % .

6 h  (300MEÎZ, CDCI3 ) ;  M ajor r o t  am er, 1 .2 5 -1 .9 5  ( s e r i e s  o f  m, 6 H ), 4 .5 9

(b r  s ,  IH ), 5 .3 7  (b r  s ,  IH ), 6 .1 5 -6 .2 9  (m, 2H),

7 .2 5 -7 .7 0  (m, 5h ) .

M inor r o t  am er, 1 .2 5 -1 .9 5  ( s e r i e s  o f  m, 6 H), 4 .5 9  

(b r  s ,  IH ), 4 .9 4  (b r s ,  IH ) , 6 .0 3 -6 .1 8  (m, 2H),

7 .2 5 -7 .7 0  (m, 5H).

(75MHz, CDCI3 ) :  M ajor ro ta m e r, 1 7 .6  ( t ) ,  2 7 .7  ( t ) ,  2 8 .4  ( t ) ,

5 0 .2  ( d ) ,  7 5 .9  (d ) , 1 2 5 .8  (d ) ,  1 2 6 .8  (d ) , 1 2 7 .8

(d ) ,  129 .2  (d ) ,  129.5  (d ) ,  13 3 .4  ( s ) ,  1 64 .1  ( s ) .  

M inor ro tam er, 1 7 .1  ( t ) ,  2 8 .7  ( t ) ,  2 9 .9  ( t ) ,  5 5 .0  

( d ) ,  7 5 .4  (d ) ,  124 .4  ( d ) ,  126 .5  ( d ) ,  127 .5  (d ) ,

127 .9  (d ) ,  128 .1  (d ) ,  1 3 3 .8  ( s ) ,  1 6 5 .5  ( s ) .

V m a x  (CH2 C I2 ) :  3050m, 2950s, 2875w, 1640s, 1610s, 1568m, 1495w, 1440s,

1375m, 1308m, 1240m, 1210m, 1170m, 1155m, 1108s, 1022m, 998m, 970m,

950m, 910m, 865w, 828m cm” ^.

^ / q (%): M+- 229 (6 ) ,  138 (3 ) ,  122 (5 ) ,  106 (9 ) ,  105 (1 0 0 ), 103 (3 ) ,  77

(3 3 ).
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N -B en zoy l—7 -o g B .-8 -a za b icy c lo C 2 . 2 . 2 .  3 o c t -5 -e n e  ( 132a)

(132a) was p re p a re d  u s in g  a  s im i la r  method to  t h a t  used  to  

p r e p a re  (1 3 2 b ). 1 , 3 -c y c ld h e x a d ie n e  (3 .2 m l, 33.6ramol) r e a c te d  w ith  th e

n i t r o s o  conpound g e n e ra te d  from  benzdhydroxam ic a c id  (6 .5 2 g , 4 7 .5mmol) 

and tétram éthylam m onium  m etaper io d a te  (12 .60g , 47 . 5mmol ) t o  a f f o r d

(132a) (6 .6 9 g , 93%) a s  a  c o lo u r le s s  o i l .

6 h  (300MHz, CDCI3 ) :  M ajor ro ta m e r, 1 .4 1 -1 .6 1  (m, 2H), 2 .0 9 -2 .3 8  (m,

2H), 4 .6 6  (m, IH ), 4 .9 8  (b r  d , J  = 6.4Hz, IH ),

6 .4 3  (ddd, J  = 6.4H z, J  = 6 .4H z, J  = l.O H z, IH ),

6 .5 8  (ddd, J  = 6.4Hz, J  = 6.4H z, J  = l.OHz, IH ),

7 .3 2 -7 .5 2  (m, 5h ) .

M inor ro tam er, 1 .3 8 -1 .6 1  (m, 2H), 2 .0 2 -2 .3 8  (m,

2H), 4 .7 5  (m, IH ), 5 .4 4  (b r  d , J  = 6 .4H z, IH ),

6 .5 2  (ddd, J  = 6.4Hz, J  = 6.4H z, J  = l.OHz, IH ),

6 .7 2  (ddd, J  = 6.4H z, J  = 6 .4H z, J  = l.O H z, IH ),

7 .3 2 -7 .5 2  (m, 5H).

6(3  (75MHz, CDCI3 ) :  M ajor ro tam er, 2 1 .5  ( t ) ,  2 3 .0  ( t ) ,  5 1 .8  (d ) , 7 1 .7

( d ) ,  1 2 7 .4  (d ) ,  1 28 .6  (d ) ,  1 2 8 .9  (d ) , 1 2 9 .8  (d ) ,

131 .7  (d ) ,  133 .4  ( s ) ,  166 .7  ( s ) .

M inor ro tam er, 2 0 .4  ( t ) ,  2 2 .9  ( t ) ,  4 6 .3  (d ) ,  7 1 .9

( d ) ,  127 .2  ( d ) ,  129 .6  (d ) ,  130 .6  (d ) ,  131.3  (d ) ,

132 .6  ( d ) ,  1 3 3 .6  ( s ) ,  16 7 .7  ( s ) .

Vitax (CH2 C I2 ) :  3040m, 2975w, 2940m, 1630s, 1575m, 1450m, 1400m, 1365m, 

1290w, 1235m, 1215w, 1165s, 1115w, 1085w, 1050m, 950m, 925m, 885m, 845w 

cm“ l .

(%): M+- 215 ( 9 ) ,  137 (1 8 ) , 122 (4 0 ) , 121 ( 9 ) ,  119 (1 7 ), 106 (1 6 ),

105 (1 0 0 ), 104 (6 ) ,  103 (3 6 ) .
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N -B en zcy l--9 -Q xa-10 -azab icyc lo [4 .2 .23c leca" -7 --€n e  (1 3 2 c)

(132c) was p re p a re d  u s in g  a  s im i la r  method to  t h a t  used  to

p re p a re  (1 3 2 b ). 1 , 3 -c y c lo o c ta d ie n e  (1 .0 2 g , 9.43mraol) r e a c te d  w ith  th e

n i t r o s o  conpound g e n e ra te d  from benzchydroxam ic a c id  (1 .8 0 g , 13.13mmol) 

and té tram éthylam m onium  m etaper io d a te  (3 .4 3 g , 12.94mmol) t o  a f f o r d  

(132c) (2 .1 0 g , 92%) a s  a  c o lo u r le s s  o i l .

6 h  (300MEÎZ, CDCI3 ) ;  M ajor ro tam er, 1 .4 6 -2 .2 7  ( s e r i e s  o f  m, 8 H ), 4 .8 2

(b r  s ,  IH ), 5 .2 1  (b r s ,  IH ), 6 .2 3  (m, 2H),

7 .3 4 -7 .5 1  (m, 5H).

M inor ro tam er, 1 .3 7 -2 .2 7  ( s e r i e s  o f  m, 8 H ), 4 .5 1  

(b r s ,  IH ), 5 .2 1  (b r s ,  IH ), 5 .9 0  (m, IH ) , 6 .0 6

(m, IH ), 7 .3 4 -7 .5 1  (m, 5H).

6 c  (75MHz, CDCI3 ) : M ajor ro tam er, 2 1 .7  ( t ) ,  2 5 .5  ( t ) ,  3 0 .8  ( t ) ,  3 4 .8

( t ) ,  5 5 .4  (d ) ,  7 8 .7  (d ) ,  1 2 6 .8  (d ) , 12 7 .9  (d ) ,

128 .1  (d ) ,  128 .9  (d ) ,  129 .8  ( d ) , 133 .2  ( s ) ,  167 .0

( s ) .

M inor ro ta m e r, 22 .5  ( t ) ,  2 4 .2  ( t ) ,  3 1 .9  ( t ) ,  34 .1  

( t ) ,  51 .3  (d ) ,  7 7 .4  (d ) ,  1 2 6 .0  (d ) ,  12 7 .7  (d ) ,

128 .3  (d ) ,  128 .5  (d ) ,  1 30 .2  ( d ) ,  132 .9  ( s ) ,  166 .1

( s ) .

Vmax (CH2 C I2 ) :  3050w, 2930s, 2860w, 1620s, 1570m, 1450m, 1425m, 1385w,

1320w, 1240s, 1215m, 1180m, 1025m, 1020m, 990w, 930w cm“l .

® /e (%): M+ 243 (8 2 ) , 226 (5 ) ,  225 ( 5 ) ,  138 ( 7 ) ,  122 (2 5 ) , 107 (1 4 ) , 106

(1 0 0 ), 103 (1 3 ) .

c i s - 4 —(B en zoy lam in o)—2 -c v c lb h e p te n o l  ( 1 3 3 b ) ^

A s o lu t io n  o f  (132b) (4 .8 0 g , 2 0 .9mmol) in  120ml o f  aqueous 

te t r a h y d r o f u r a n  (THF:H2 0 , 1 0 : 1 ) was co o led  t o  0 %  w ith  s t i r r i n g  u n d er 

N2» Aluminium amalgam p re p a re d  by  s e q u e n t ia l  expo su re  (10-20  seconds)
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o f  sm a ll s t r i p s  o f  alum inium  f o i l  (4 .54g , 0.17mmol) t o  IM (aq ) p o ta ss iu m  

h y d ro x id e  s o lu t io n ,  d i s t i l l e d  w a te r , 0.5% m e rc u ric  c h lo r id e ,  d i s t i l l e d  

w a te r  and te t r a h y d r o f u r a n ,  was th e n  added to  th e  s o lu t io n  o f  D ie ls -A ld e r  

a d d u c t . S t i r r i n g  was c o n tin u e d  a t  0%  f o r  16h. The r e a c t io n  m ix tu re  

was d i l u t e d  w ith  te t r a h y d ro fu ra n  (350m l), s t i r r e d  v ig o ro u s ly  fo r  1 .5 h , 

th e n  f i l t e r e d  th ro u iÿ i a  pad  o f  c e l  i t  e .  The f i l t r a t e  was d i l u t e d  w ith  

to lu e n e  and c o n c e n tra te d  a t  reduced  p re s s u re  t o  y i e l d  (133b) (4 .4 5 g , 

92%) a s  a  w h ite  c r y s t a l l i n e  s o l i d ;  itp 155-158% , l i t .  up  1 57 -159% .

6 fj (300MEÏZ, CDCI3 ) :  1 .4 3 -2 .1 0  ( s e r i e s  o f  m, 6 H ), 4 .3 8  (b r d , J  = 

10.5H z, IH ), 4 .6 3  (b r  d , J  = 10.5Hz, IH ), 5 .6 6  (b r  d , J  = 12.0Hz, IH ), 

5 .7 9  (b r  d ,  J  = 12 .0H z, IH ), 7 .4 0 -7 .5 5  (m, 3H), 7 .7 5 -7 .8 4  (m, 2H).

ÔC (75MHz, CDCI3 ) ;  2 6 .7  ( t ) ,  35 .1  ( t ) ,  3 7 .3  ( t ) ,  5 2 .7  (d ) ,  7 2 .8  (d ) ,

12 8 .6  ( d ) ,  1 2 9 .7  (d ) ,  1 3 2 .8  (d ) ,  133 .8  (d ) , 1 3 6 .0  ( s ) ,  1 3 9 .2  ( d ) ,  16 9 .5  

( s ) .

Vmax (CH2 C I2 ) :  3350W, 3310w, 2955s, 2915s, 2860s, 2520w, 2460m, 2400w, 

1620s, 1570m, 1450s, 1435m, 1375m, 1135w, 1080w, 1040m, 990w, 890w, 

800w, 720m, 695m cm“ ^ .

(%): M+ 231 (1 6 ) ,  229 ( 6 ) ,  214 (2 1 ) , 213 (8 0 ) , 212 (1 7 ) , 205 ( 7 ) ,

201 (1 1 ) , 123 (1 5 ) , 122 (1 0 0 ), 121 (1 7 ) .

c i s - 4 -  ( B enzoylam ino ) - 2 -c y c lc h e x e n o l  (133a)

(133a) was p re p a re d  u s in g  a  s im i la r  method t o  t h a t  u sed  to  

p re p a re  (1 3 3 b ). (132a) (3 .9 2 g , 18.2mmol) r e a c te d  w ith  alum inium  amalgam

(3 .8 0 g , 0 . 14mmol o f  alum inium  f o i l )  t o  a f f o r d  (133a) (3 .8 3 g , 97%) a s  a  

c o lo u r le s s  o i l .

6 h  (300MHz, CDCI3 ) ;  1 .6 9 -1 .9 3  ( s e r i e s  o f  m, 4H ), 4 .1 7  (m, IH ), 4 .5 8  

(m, IH ), 5 .7 5  (ddd, J  = lO.OHz, J  = 3.2Hz, J  = l.O H z, IH ), 5 .9 4  (ddd , J
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= lO.OHz, J  = 3.4H z, J  = 1.8Hz, IH ), 7 .3 3 -7 .4 8  (m, 3H), 7 .7 2 -7 .7 7  (m, 

2H).

6 c  (75Mtiz, CDCI3 ) ;  2 5 .2  ( t ) ,  2 8 .8  ( t ) ,  4 5 .0  (d ) ,  6 4 .0  (d ) ,  126 .9  (d ) ,

1 2 8 .4  ( d ) ,  1 3 0 .1  (d ) ,  1 3 1 .4  ( d ) ,  13 2 .9  (d ) , 1 34 .2  ( s ) ,  1 6 6 .9  ( s ) .

Vmax (CH2 C I2 ) :  3605m, 3440m, 3035w, 2950m, 2860w, 1670s, 1510s, 1485s,

1325m, 1245w, 1150w, 1080w, 1070m, 1050m, 985m, 950w, 835w an” ^ . 

m /e (%): M+ 217 (1 7 ) , 215 (6 ) ,  201 (8 ) ,  200 (4 6 ) , 199 (1 0 0 ) , 198 (7 7 ) , 

197 (1 7 ) , 173 ( 6 ) ,  148 (8 ) ,  122 (7 4 ) , 121 (5 3 ) .

c i s - 4 - (B en zoy lam in o)-2-C !yclcxx!ten ol (133c)

(133c) was p re p a re d  u s in g  a  s im i la r  method to  t h a t  used  to  

p re p a re  (1 3 3 b ). (132c) (1 .8 0 g , 7.40iinnol) r e a c te d  w ith  alum inium  amalgam

(1 .5 4 g , 57.1mmol o f  alum inium  f o i l )  t o  a f fo rd  a  w h ite  s o l id  v h ic h  was 

r e c r y s t a l l i s e d  from  to lu e n e  t o  g iv e  (133c) (1 .2 9 g , 71%) a s  c o lo u r le s s  

n e e d le s ; up 16 4 -1 6 6 % .

6 h  (300MHz, CD3 (X)); 1 .4 1 -1 .9 9  ( s e r i e s  o f  m, 8 H ), 4 .6 6  (m, 2H), 5 .5 0  

(ddd, J  = 10.9H z, J  = 6.9H z, J  = l . lH z ,  IH ), 5 .6 2  (ddd , J  = 10.9Hz, J  = 

8 .3H z, J  = 1 .5H z, IH ), 7 .4 0 -7 .5 7  (m, 3H), 7 .7 7 -7 .8 9  (m, 2H ).

6 c  (75MHz, CD3 Œ )); 2 4 .8  ( t ) ,  2 5 .7  ( t ) ,  3 7 .5  ( t ) ,  3 9 .9  ( t ) ,  4 9 .6  (d ) ,

7 0 .4  (d ) ,  1 2 8 .5  (d ) ,  12 9 .7  (d ) ,  1 3 2 .8  (d ) , 133 .1  ( d ) ,  1 3 6 .0  ( s ) ,  1 36 .3

(d ) ,  1 6 9 .6  ( s ) .

Vmax (CH2 C I2 ) :  3600m, 3410m, 3050w, 2915m, 2860w, 1665s, 1580w, 1510s, 

1485m, 1365m, 1070w, 1025m, 965w cm“ l .

m/e (%); 245 (4 ) ,  243 ( 4 ) ,  228 (1 7 ), 227 (6 1 ) , 226 (1 1 ) , 225 ( 6 ) ,  198

(1 7 ) , 140 ( 6 ) ,  130 (3 4 ) , 124 (7 5 ) , 123 (1 4 ), 122 (8 4 ) ,  121 (3 7 ) , 107

(1 1 ) , 106 (1 0 0 ) , 104 (9 8 ) , 103 (1 8 ) .

Found; C, 7 3 .2 4 ; H, 7 .7 3 ; N, 5.63%. C1 5 H1 9 NO2

r e q u i r e s ;  C, 7 3 .4 4 ; H, 7 .8 1 ; N, 5.71%.
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c is -4 - (B e n z o y la m iiio )c y c ld h e p ta n o l  (1 3 4 d) ^

A s o lu t io n  o f  (133b) (2 .2 5 g , 9 . 73mnol) i n  m ethanol (100ml) was 

h y d ro g e n a te d  a t  1 atm  in  th e  p re se n c e  o f  5% p a lla d iu m  on c h a rc o a l .  

A f te r  16h, th e  c a t a l y s t  was f i l t e r e d  o f f  and th e  s o lv e n t was ev a p o ra te d  

a t  red u ced  p r e s s u r e  t o  y i e l d  (134b) (2 .2 4 g , 99%) a s  a  w h ite  c r y s t a l l i n e  

s o l id ;  irp 1 4 3 -1 4 5 % , l i t .  np  1 4 3 .5 -1 4 5 % .

6 h  (300MHz, CD3 Œ )): 1 .3 0 -2 .0 5  ( s e r i e s  o f  m, lOH), 3 .8 8  (b r  m, IH ),

4 .0 6  (b r  m, IH ), 7 .3 6 -7 .5 3  (m, 3H), 7 .7 6 -7 .8 3  (m, 2H ).

6(3  (75MEÎZ, CD3 OD); M ajor ro tam er, 2 1 .8  ( t ) ,  2 9 .5  ( t ) ,  3 3 .8  ( t ) ,  3 6 .3

( t ) ,  3 8 .3  ( t ) ,  52 .2  (d ) ,  7 2 .1  ( d ) ,  128 .5  (d ) ,

1 2 9 .6  ( d ) ,  132 .6  (d ) ,  136 .2  ( s ) ,  169 .3  ( s ) .

M inor ro tam er, 2 2 .5  ( t ) ,  3 1 .2  ( t ) ,  3 7 .1  ( t ) ,  4 1 .1  

( t ) ,  4 4 .6  ( t ) ,  5 3 .7  (d ) ,  7 2 .1  ( d ) ,  128 .6  (d ) ,

129 .7  (d ) ,  1 3 2 .8  (d ) , 1 3 6 .2  ( s ) ,  1 6 9 .3  ( s ) .

Vmax (CH2 C I2 ) :  3330m, 3240m, 2930s, 2860s, 1630s, 1575m, 1530m, 1490w, 

1460m, 1370m, 1325m, 1290w, 1215w, 1120w, 1080w, 1030m, 980w, 805w, 

760m, 700m cnT^.

m/g (%): M̂- 233 (7 ) ,  215 (6 ) ,  122 (51), 106 (8 ) ,  105 (100), 94 (8 ) .

c is -4 -(B e n z o y la iiii i io )c y c l< jh e x a iio l (134a)

A s o lu t io n  o f  (133a) (1 .3 4 g , 6.17mmol) i n  m ethanol (100ml) was 

h y d ro g en a ted  a t  1 atm  in  th e  p re se n c e  o f  5% p a lla d iu m  on c h a rc o a l .  

A f te r  14h, th e  c a t a l y s t  was f i l t e r e d  o f f  and th e  s o lv e n t  was ev ap o ra ted  

a t  red u ced  p r e s s u r e  t o  y i e l d  (134a) (1 .3 4 g , 99%) as  a  w h ite  s o l i d .  An 

a n a l y t i c a l  s a n p le  was p re p a re d  by  r e c r y s t a l l i s a t i o n  from  to lu e n e  to  g iv e  

c o lo u r le s s  n e e d le s  : np  135-136% .

ÔH (300MHz, CDCI3 ) ;  1 .6 3 -1 .8 1  (m, 8 H), 2 .3 3  (b r  s ,  exch , IH ), 3 .9 4  (m,

IH ), 4 .0 3  (m, IH ), 6 .3 1  (b r  d , J  = 7.5Hz, exch , IH ), 7 .3 5 -7 .5 1  (m, 3H),

7 .7 0 -7 .7 7  (m, 2H).
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ôc (75MHz, CDCI3 ) :  M ajor ro tam er, 2 7 .2  ( t ) ,  3 1 .3  ( t ) ,  4 7 .2  (d ) ,  6 5 .9

( d ) ,  1 2 6 .8  (d ) ,  128 .4  (d ) ,  13 1 .2  ( d ) ,  13 4 .8  ( s ) ,  

16 6 .8  ( s ) .

M inor ro tam er, 27 .2  ( t ) ,  3 1 .3  ( t ) ,  4 7 .1  (d ) ,  6 5 .8  

(d ) ,  126 .7  ( d ) ,  128 .4  ( d ) ,  131 .3  ( d ) ,  134.9 ( s ) ,

16 6 .7  ( s ) .

Vnax (CH2 C I2 ) :  3610m, 3440m, 3020w, 2940s, 2960w, 1650s, 1580m, 1515s, 

1485m, 1450m, 1415m, 1360w, 1320w, 1130m, 1070m, 1030m, 9 70s, 910w, 800w 

cm“ l .

m/e (%): M̂" 219 (1 7 ), 201 ( 9 ) ,  161 (5 ) ,  160 (4 ) ,  123 ( 5 ) ,  122 (5 5 ) , 121 

(6 ) ,  106 ( 8 ) ,  105 (1 0 0 ).

Found: C, 7 1 .2 1 ; H, 7 .8 1 ; N, 6.39%. C1 3 H1 7 NO2

r e q u i r e s :  C, 7 1 .3 2 ; H, 7 .7 6 ; N, 6.33%.

c is -4 -(B e n z o y la m in o )c y c lo Q c ± a n o l (1 3 4 c)

A s o lu t io n  o f  (133c) (0 .9 8 g , 3 .99mmol) i n  m ethanol (50ml) was 

h y d ro g e n a te d  a t  1 atm  in  th e  p re se n c e  o f  5% p a lla d iu m  on c h a rc o a l .  

A f te r  15h, th e  c a t a l y s t  was f i l t e r e d  o f f  and th e  s o lv e n t was ev a p o ra te d  

a t  red u ced  p r e s s u r e  t o  y i e l d  (134c) (0 .9 7 g , 98%) a s  a  c o lo u r le s s  o i l .

(300MHz, CDCI3 ) : 1 .5 0 -1 .8 9  ( s e r i e s  o f  m, 12H), 2 .1 4  (b r  s ,  exch, 

IH ), 3 .8 8  (m, IH ), 4 .1 1  (m, IH ), 6 .3 0  (b r  d , J  = 7.7H z, exch, IH ),

7 .3 6 -7 .5 1  (m, 3H), 7 .7 1 -7 .8 3  (m, 2H).

6 c  (75MHz, CDCI3 ) :  2 1 .9  ( t ) ,  2 3 .5  ( t ) ,  2 7 .8  ( t ) ,  3 0 .8  ( t ) ,  31 .3  ( t ) ,

3 3 .1  ( t ) ,  4 9 .9  (d ) , 7 1 .0  (d ) ,  1 2 6 .8  (d ) , 1 2 8 .4  (d ) ,  1 3 1 .2  (d ) , 13 4 .9  

( s ) ,  1 6 6 .4  ( s ) .

Vmax (CH2 C I2 ) :  3600m, 3460m, 3020w, 2935s, 2860m, 1655s, 1580w, 1515s, 

1485m, 1445w, 1365m, 1315w, 1270w, 1140w, 1075m, 1030m, 975w, 910m, 800w 

cm -1.
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m/e (%): 247 (4 ) ,  230 (5 ) ,  229 (2 9 ), 205 (1 2 ) , 201 (1 0 ) ,  175 (5 ) , 174

( 5 ) ,  161 ( 8 ) ,  160 ( 7 ) ,  147 (1 1 ) , 122 (8 8 ) ,  121 (1 0 0 ), 108 (3 7 ) , 106 

(4 1 ) , 103 (2 2 ) .

c i s - 4 - ( B a i 2y la m ir io )c y c lo h e p ta n o l (135b)

A s o lu t io n  o f  (134b) (0 .8 5 g , 3.64imnol) in  d ry  d ie th y l  e th e r

(30ml) was added d ro p w ise  t o  a  s t i r r e d  s l u r r y  o f  l i th iu m  alum inium

h y d r id e  (0 .6 0 g , 15.8mmol) i n  d ie th y l  e th e r  (70m l). A f te r  r e f lu x in g  fo r  

lOh, deoonpos i t  io n  o f  e x c e ss  h y d r id e  was e f f e c te d  by  a d d i t io n  o f  w a te r .  

The in o rg a n ic  s o l id s  w ere removed by  f i l t r a t i o n ,  and th e  o rg a n ic  la y e r  

d r ie d  o v e r  anhydrous magnesium s u lp h a te .  The s o lv e n t  was e v a p o ra te d  a t  

red u ced  p r e s s u r e  t o  y i e l d  (135b) (0 .7 9 g , 99%) a s  c o lo u r le s s  n e e d le s : irp 

4 3 -4 5 % .

6 h  (300MEiz, CDCI3 ) :  1 .3 0 -2 .0 1  ( s e r i e s  o f  m, lOH), 2 .6 9  (b r  s ,  exch,

IH ), 2 .9 8  (m, IH ), 3 .6 9 ,  3 .7 8  (AB q u a r te t ,  J  = 12.8Hz, 2H), 4 .0 0  (m,

IH ), 7 .2 1 -7 .4 1  (m, 5H).

ÔC (75MHz, CDCI3 ) :  1 8 .2  ( t ) ,  2 8 .7  ( t ) ,  3 2 .6  ( t ) ,  3 4 .3  ( t ) ,  3 5 .5  ( t ) ,

5 1 .5  ( t ) ,  5 5 .1  (d ) ,  6 9 .1  (d ) ,  1 2 7 .0  (d ) , 1 2 8 .0  (d ) ,  1 2 8 .4  (d ) ,  1 3 9 .6

( s ) .

Vmax (CH2 CI2 ): 3610W, 3180br m, 3030m, 2960s, 2930s, 1500m, 1440w,

1215w, 1080m, 1065m, 1030m, 945m, 860w cm "l.

m/e (%): 219 (8 ) ,  217 (8 ) , 176 (5 ) , 160 ( 6 ) ,  147 (8 ) ,  146 (6 1 ), 133

(8 ) ,  132 (1 0 ) ,  128 ( 7 ) ,  120 (8 ) ,  106 (1 5 ) , 104 (5 ) ,  92 (1 0 ) ,  91 (1 0 0 ).

c is -4 - (B a iz y la m in o )c y c lo h e x a n o l  (135a)

(135a) was p re p a re d  u s in g  a  s im i la r  method to  t h a t  used  to

p re p a re  (1 3 5 b ). (134a) (1 .2 0 g , 5.47mmol) r e a c te d  w ith  l i th iu m  alum inium

h y d r id e  (0 .9 0 g , 23.7ramol) t o  a f f o r d  (135a) (1 .0 2 g , 91%) a s  a  c o lo u r le s s  

o i l .
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6 h  (300MHz, CDCI3 ) :  1 .5 0 -1 .7 8  ( s e r i e s  o f  m, 8 H ), 2 .1 4  (b r s ,  exch ,

2H), 2 .5 9  (m, IH ), 3 .7 8  ( s ,  2H), 3 .8 5  (m, IH ), 7 .2 1 -7 .3 3  (m, 5H).

6 c  (75MHz, CDCI3 ) :  2 7 .5  ( t ) ,  3 1 .0  ( t ) ,  5 0 .9  ( t ) ,  5 3 .9  (d ) , 6 7 .0  (d ) ,

1 26 .8  (d ) ,  1 2 8 .0  (d ) ,  1 2 8 .3  ( d ) ,  140 .5  ( s ) .

Vmax (CH2 C I2 ) :  3605m, 3410w, 3015w, 2930s, 2855m, 1450m, 1370w, 1230w,

1120m, 1070m, 1060m, 1040m, 965s, 910s, 855w cm -1.

“ / e  (%): 205 (1 7 ) , 187 ( 6 ) ,  147 (3 ) ,  146 (1 0 0 ) , 133 (1 4 ) , 132 (1 2 ) ,

131 (5 ) ,  130 ( 5 ) ,  120 ( 7 ) ,  119 (6 ) .

c is -4 - (B e n z y la m in o )c y c lo Q c ta n o l (1 35c)

(135c) was p re p a re d  u s in g  a  s im i la r  method t o  t h a t  u sed  to

p re p a re  (1 3 5 b ). (134c) (0 .8 5 g , 3.44mmol) r e a c te d  w ith  l i th iu m  alum inium  

h y d r id e  (0 .5 0 g , 13.2mmol) t o  a f f o r d  (135c) (0 .8 0 g , 99%) a s  a  c o lo u r le s s  

o i l .

6 fj (30CMIZ, CDCI3 ) :  1 .3 6 -1 .8 4  ( s e r i e s  o f  m, lOH), 2 .2 0  (b r s ,  exch ,

2H), 2 .6 8  (m, IH ), 3 .7 6  ( s ,  2H), 3 .8 2  (m, IH ) , 7 .2 2 -7 .3 6  (m, 5H ).

6 c  (75MHz, CDCI3 ) :  22 .3  ( t ) ,  2 4 .1  ( t ) ,  2 8 .2  ( t ) ,  3 1 .0  ( t ) ,  3 1 .4  ( t ) ,

3 3 .9  ( t ) ,  5 1 .4  ( t ) ,  5 6 .9  (d ) ,  7 1 .5  (d ) ,  1 2 6 .8  (d ) ,  1 2 8 .0  (d ) ,  1 2 8 .4  (d ) ,

140 .6  ( s ) .

V m a x  (CH2 C I2 ) :  3600m, 3015w, 2920s, 2860m, 1470m, 1450m, 1365w, 1 2 0 0 w,

1100m, 1075w, 1055w, 1030m, 1005w, 975w, 825w cm""l.

m/e (%): M+* 233 (2 0 ) ,  176 (1 1 ) , 147 (2 1 ), 146 (1 0 0 ), 142 (1 1 ) , 134 (1 1 ) , 

133 (9 6 ) , 132 (3 3 ) , 120 (2 1 ) ,  107 (1 4 ) , 106 (3 6 ) , 104 (1 1 ) .

N -B g iz y ln o rtrc p a n e  (140)

To a  s o lu t io n  o f  (135b) (1 .25g , 5 . 70mmol ) i n  c h lo ro fo rm  (20ml) 

was added d ro p w ise  a  so lu tic x i o f  th io n y l c h lo r id e  (0 .4 5 m l, 6 . 20mmol) a t  

0 % . The r e a c t io n  m ix tu re  was allow ed  to  warm to  room te n p e r a tu r e  and 

s t i r r e d  f o r  a  f u r th e r  24h. A f te r  c o o lin g  t o  0 % , p y r id in e  (2m l) was
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added d ro p w ise  and th e  s o lu t io n  s t i r r e d  fo r  Ih .  The r e a c t io n  m ix tu re  

was su b se q u e n tly  p o u red  in t o  2M (aq ) sodium h y d ro x id e  s o lu t io n ,  and th e  

aqueous la y e r  e x t r a c te d  w ith  d ich lo ro m eth an e  (2 x 30m l). The combined 

o rg a n ic  l a y e r s  w ere d r ie d  o v e r anhydrous sodium  s u lp h a te  and th e  s o lv e n t  

e v a p o ra te d  a t  red u ced  p r e s s u r e .  The r e s id u e  was p u r i f i e d  by  f la s h  

chrom atography  (9 0 :9 :1 ,  p e tro le u m  e th e r  [4 0 -6 0 % ] : d i e t h y l  e th e r  : t r i -  

e th y la m in e ) t o  a f f o r d  (140) ( l .O lg ,  8 8 %) a s  a  c o lo u r le s s  o i l .

ÔH (300MHz, CDCI3 ) :  1 .2 8 -2 .0 3  ( s e r i e s  o f  m, lOH), 3 .1 5  (b r  t ,  J  = 

3 .2H z, 2H ), 3 .5 2  ( s ,  2H), 7 .1 9 -7 .4 0  (m, 5H).

6 c  (75MHz, CDCI3 ) :  e q u a t o r i a l -  (140), 1 6 .0  ( t ) ,  2 5 .1  ( t ) ,  3 1 .8  ( t ) ,

5 7 .0  ( t ) ,  5 8 .9  (d ) , 1 2 6 .2  (d ) ,  1 2 7 .7  (d ) ,  128 .5  

( d ) ,  138 .5  ( s ) .

a x i a l -  (1 4 0 ), 21 .7  ( t ) ,  2 7 .8  ( t ) ,  3 4 .0  ( t ) ,  4 9 .5  

( t ) ,  5 4 .5  (d ) ,  127 .2  ( d ) , 12 7 .8  ( d ) ,  128 .1  (d ) ,

1 37 .9  ( s ) .  

o b se rv ed  201.1511

c a lc u la te d  f o r  C1 4 H1 9 N 201.1517.

N a r trc p a n e  (110)

A s o lu t io n  o f  (140) (0 .2 7 g , 1 . 34mmol) in  d ry  m ethano l (20ml) was 

h y d ro g en a ted  a t  1 atm  in  th e  p re se n c e  o f  5% p a lla d iu m  cn  c h a rc o a l .  

A f te r  4h , th e  c a t a l y s t  was f i l t e r e d  o f f  and th e  s o lv e n t  was ev ap o ra ted  

a t  red u ced  p r e s s u r e  t o  y i e ld  (110) (0 .1 4 g , 94%) as  a  c o lo u r le s s  o i l .

6 h (90MEiz, CDCI3 ) :  1 .1 2 -1 .9 1  ( s e r i e s  o f  m, lOH), 3 .0 2  (b r  s ,  exch,

IH ), 3 .2 9  (b r  s ,  2H ).

ÔC (75MHz, CDCI3 ) :  1 7 .1  ( t ) ,  2 9 .0  ( t ) ,  3 2 .8  ( t ) ,  5 4 .6  ( d ) .
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N -C hloronortropane (148)

A s o lu t io n  o f  (147) (O .lO g, 0.68minol) in  w a te r  (10ml) was 

t r e a t e d  w ith  sodium  h y p o c h lo r i te  (5% c h lo r in e  c o n te n t ,  15ml) and s t i r r e d  

a t  room te i ip e r a tu r e  fo r  I h .  The p ro d u c t was e x t r a c te d  in to  

t r ic h lo ro f lu o ro m e th a n e  (3 x 10ml) and th e  com bined o rg a n ic  la y e r s  d r ie d  

o v e r anhydrous magnesium s u lp h a te .  The s o lv e n t  was e v a p o ra te d  by  

p a s s in g  a  g e n t le  s tre a m  o f  N2  o v er i t  t o  y ie ld  (148) (0 .0 9 9 g , 100%) a s  a  

c o lo u r le s s  o i l .

6 h  (300MHz, CDCI3 ) :  e q u a t o r i a l -  (1 4 8 ), 0 .9 5 -1 .1 5  (m, 4H ), 1 .3 1 -1 .3 9

(m, 2H), 1 .6 3 -1 .7 7  (m, 2H), 2 .1 3 -2 .3 3  (m, 2H), 

3 .4 7  (m, 2H).

a x i a l -  (148 ), 0 .8 3 -1 .1 5  (m, 4H ), 1 .2 4 -1 .3 9  (m,

2H), 1 .6 3 -1 .7 7  (m, 2H ), 2 .1 3 -2 .2 5  (m, 2H ), 3 .2 4  

(m, 2H).

ÔC (75MHz, CDCI3 ) ;  e q u a t o r i a l -  (148 ), 1 4 .9  ( t ) ,  2 6 .7  ( t ) ,  3 3 .8  ( t ) ,

7 0 .4  ( d ) .

a x i a l -  (1 4 8 ), 1 5 .8  ( t ) ,  2 4 .3  ( t ) ,  2 5 .3  ( t ) ,  6 1 .5  

(d ) .

^ / e  (%): M+-C1 110 (1 2 ) , 96 ( 6 ) ,  95 (3 7 ), 94 (1 0 0 ), 84 ( 6 ) ,  83 (1 6 ) , 82 

(5 6 ) , 71 (2 7 ) .

o b se rv ed  (M^-Cl) 110.0917

c a lc u la te d  fo r  C7 H3 2 N 110.0917.

c is - 4 - (B e n z y la m ir io ) -2 -c y c lc h e p ta io l  (150b)

(150b) was p re p a re d  u s in g  a  s im i la r  method to  t h a t  used  to  

p re p a re  (135b ). (133b) (2 .2 6 g , 9.77mraol) r e a c te d  w ith  l i th iu m  alum inium

h y d r id e  (1 .5 0 g , 39.5mmol) t o  a f f o r d  (150b) (2 .0 7 g , 97%) as  a  w h ite

c r y s t a l l i n e  s o l i d .  An a n a l y t i c a l  s a n p le  was p re p a re d  by
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r e c r y s t a l l i s a t i o n  from  p e tro le u m  e th e r  (80 -100% ) t o  g iv e  c o lo u r le s s  

n e e d le s ;  irp 115-116% ,

6 h  (300MHz, CDCI3 ) :  1 .5 0 -1 .8 7  ( s e r i e s  o f  m, 7H), 2 .1 7 -2 .3 5  (m, IH ),

3 .2 9  (ddd, J  = 6.3H z, J  -  6.3H z, J  = 1.7Hz, IH ), 3 .6 9 ,  3 .7 9  (AB q u a r te t ,  

J  = 12.8H z, 2H), 4 .2 2  (ddd, J  = 6.3H z, J  = 6 .3H z, J  = 1 .7H z, IH ) , 5 .8 7  

(dd, J  = 11.4Hz, J  = 6.3H z, IH ), 7 .2 2 -7 .4 2  (m, 5H).

5c (75MHz, CDCI3 ) :  21 .1  ( t ) ,  3 1 .8  ( t ) ,  3 4 .2  ( t ) ,  5 1 .6  ( t ) ,  55 .1  (d ) ,

6 8 .1  ( d ) ,  127 .1  (d ) ,  12 8 .2  (d ) ,  128 .5  (d ) ,  1 3 4 .4  ( d ) ,  1 3 9 .0  (d ) ,  1 3 9 .4  

( s ) .

^max (CH2 C I2 ) :  3610W, 3200br w, 3025m, 2930s, 2850s, 1500m, 1450w,

1320w, 1210w, 1110m, 1085s, 1055m, 1030m, 995m, 950w, 910w cm“ l .  

m/e (%): M  ̂ 217 (1 3 ) , 199 (7 ) , 172 (9 ) ,  170 (9 ) ,  146 (1 4 ) , 133 (5 ) ,  132 

(5 ) ,  126 ( 5 ) ,  108 (8 ) ,  106 (1 2 ) , 92 (1 0 ) , 91 (1 0 0 ).

Found: C, 7 7 .4 5 ; H, 8 . 6 6 ; N, 6.44%. C1 4 H1 9 NO

r e q u ir e s :  C, 7 7 .3 8 ; H, 8 .8 1 ; N, 6.45%.

c i s - 4 —(B e n z y la m iiio )-2 -c y c lc h e x e iio l (150a)

(150a) was p re p a re d  u s in g  a  s im i la r  method to  t h a t  u sed  to  

p re p a re  (1 35b ). (133a) (1 .6 7 g , 7 . 69mmol) r e a c te d  w ith  l i th iu m  alum inium

h y d r id e  (1 .2 0 g , 31.6mmol) t o  a f fo rd  (150a) (1 .4 4 g , 92%) a s  a  c o lo u r le s s  

o i l .

6 h  (300MHz, CDCI3 ) :  1 .6 2 -1 .7 9  (m, 4H), 2 .5 0  (b r  s ,  exch , 2H), 3 .1 2  (m, 

IH ), 3 .7 8 , 3 .8 5  (AB q u a r te t ,  J  = 13.0Hz, 2H), 4 .0 8  (m, IH ), 5 .7 8 -5 .8 2  

(m, 2H), 7 .2 1 -7 .3 3  (m, 5H ).

5c (75MHz, CDCI3 ) :  2 4 .7  ( t ) ,  2 9 .0  ( t ) ,  5 1 .0  ( t ) ,  5 2 .1  (d ) ,  6 4 .3  (d ) ,

12 6 .9  (d ) ,  12 8 .0  ( d ) ,  128 .3  ( d ) ,  130 .9  (d ) , 132 .3  ( d ) ,  1 4 0 .0  ( s ) .

Vmax (CH2 C I2 ) :  3600m, 3420m, 3015m, 2940s, 2860m, 1500w, 1450s, 1440m,

1395w, 1355w, 1215m, 1150w, 1105m, 1060m, 1035w, 995m, 970m, 945m, 860w 

cm“ l .
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m/e (%): 203 (1 4 ) , 185 (7 ) ,  186 (6 ) , 175 (3 9 ) , 160 (1 1 ) , 159 (1 0 0 ),

146 (1 1 ) , 144 (1 4 ) ,  133 (1 3 ) , 108 (1 7 ) , 106 (2 2 ) .

c is - l-(B a iz y la m iiio )-4 -^ a o e to x y --2 -c y c lc ih e p te iie  (1 5 1 )

A s o lu t io n  o f  (150b) (0 .3 7 g , 1 . 70mmol) i n  d ic h lo ro m e th an e  ( 8 ml) 

was added t o  a  s o l u t i œ  o f  t e t r a f lu o r o b o r i c  a c id -d im e th y l e th e r  œ itp le x  

(0 .2 5 g , 1.88ramol) i n  d ich lo ro m eth an e  (2ml) a t  0 % . A c e tic  a n h y d rid e  

(0 . 2 0 m l, 2 . 1 2 mmol) was su b se q u e n tly  added a t  0 %  and th e  s o lu t i o n

allo w ed  t o  warm to  room te irp e ra tu re .  The r e a c t io n  m ix tu re  was s t i r r e d  

fo r  a  f u r th e r  7h, and th e n  pou red  in to  ic e -w a te r  (40m l). The s o lu t i o n

was c o o led , c a r e f u l l y  b a s i f i e d  t o  pH 8  w ith  sodium  b ic a rb o n a te  s o lu t io n

and d r ie d  o v e r  anhydrous p o ta ss iu m  c a r t o i a t e .  The s o lv e n t  was 

e v a p o ra te d  a t  red u ced  p re s s u re  to  y ie ld  (151) (0 .4 1 g , 93%) a s  a  p a le

y e llo w  o i l .

6 h  (90MHz, CDCI3 ) :  1 .3 0 -1 .9 5  ( s e r i e s  o f m, 6 H ), 2 .0 2  ( s ,  3H), 3 .2 9

(b r  d , J  = 9.0H z, IH ), 3 .7 2  ( s ,  2H), 5 .3 1  (b r  d , J  = 9.0Hz, IH ) , 

5 .5 1 -5 .7 5  (ra, 2H), 7 .2 1  ( s ,  5H).

Vmax (CH2 C I2 ) : 3440w, 3035w, 2935m, 2850w, 1730s, 1495w, 1450m, 1370m, 

1240s, llOOw, 1085w, 1025m, 980w, 810m cm "l.

m/e (%): 259 (5 ) ,  200 (1 0 ), 199 (2 1 ), 170 (1 2 ) , 156 (1 3 ) , 108 (1 3 ) ,

106 (1 2 ) , 105 (1 1 ) , 92 (1 4 ) , 91 (1 0 0 ).

N -B e n z y ln o r tr c p -6 -e n e  (152 )

To a  s o lu t io n  o f  (150b) ( l . lO g , 5.06mmol) and l i th iu m  c h lo r id e

(l.O g ) in  c h lo ro fo rm  (20ml) was added d ropw ise  a  s o lu t io n  o f  t h i c n y l

c h lo r id e  (0 .40m l, 5.51mmol) i n  ch lo ro fo rm  (5ml) a t  0 % . The r e a c t io n  

m ix tu re  was s o n ic a te d  f o r  1 .5 h . Anhydrous p o ta ss iu m  c a rb o n a te  (3 .0 g )  

was s u b se q u e n tly  added and th e  re a c tic x i m ix u tre  f u r th e r  s o n ic a te d  fo r
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24h. F i l t r a t i o n  and e v a p o ra tio n  o f th e  s o lv e n t  a t  reduced  p r e s s u r e  

y ie ld e d  a  p a le  y e llc w  o i l  w hich was p u r i f i e d  by  f l a s h  ch rom atography  

(9 0 :9 :1 , p e tro leu m  e th e r  [4 0 -6 0 % ] : d i e th y l  e th e r  : t r i e t h y  lam ine  ) .  The

f i r s t  f r a c t i o n  a f fo rd e d  (153) (O .lO g, 10%) a s  a  c o lo u r le s s  o i l .

6 h  (300MHz, CDCI3 ) :  1 .5 0 -2 .2 8  ( s e r i e s  o f  m, 8 H ), 3 .3 6 , 3 .7 9  (AB

q u a r t e t ,  J  = 13.9H z, 2H), 5 .6 5  (dddd, J  = 11.4H z, J  = 6.5Hz, J  = 3.5Hz, 

J  = 0 .4H z, IH ), 5 .8 2  (dddd, J  = 11.4Hz, J  = 6 .5H z, J  = 1 .3H z, J  = 1.3H z, 

IH ), 7 .2 0 -7 .3 7  (m, 5H).

ÔC (75MHz, CDCI3 ) :  2 3 .5  ( t ) ,  2 9 .8  ( t ) ,  3 1 .2  ( t ) ,  4 2 .4  (d ) ,  4 7 .6  (d ) ,

65 .1  ( t ) ,  126 .2  ( d ) ,  12 6 .7  (d ) ,  127 .6  (d ) ,  1 2 8 .2  ( d ) ,  1 3 3 .4  (d ) ,  1 3 9 .6  

( s ) .

^max (CH2 C I2 ) :  3010w, 2960m, 2930s, 2875m, 1495m, 1450m, 1350m, 1125m, 

1095s, 1075m, 1040m, 1025s, 800s cm” ^.

m/e (%): M̂" 199 (6 ) ,  195 (7 ) ,  194 (7 ) ,  106 (1 2 ) , 105 (5 4 ) , 104 (7 ) ,  92 

(1 8 ) , 91 (1 0 0 ), 90 ( 6 ) .

F u r th e r  e l u t i c n  a f fo rd e d  (152) (0 .6 6 g , 65%) a s  a  c o lo u r le s s  o i l .  

6 h  (300MHz, CDCI3 ) :  1 .2 4 -1 .7 6  ( s e r i e s  o f  m, 6 H ), 3 .4 5  (b r  s ,  2H), 3 .4 9  

( s ,  2H), 5 .9 1  ( s ,  2H), 7 .1 8 -7 .3 7  (m, 5H ).

6 c  (75MHz, CDCI3 ) :  e q u a t o r i a l -  (152), 1 6 .6  ( t ) ,  2 5 .6  ( t ) ,  5 7 .8  ( t ) ,

6 5 .4  (d ) ,  126 .5  (d ) ,  1 2 8 .0  (d ) ,  12 8 .6  (d ) ,  1 29 .2  

(d ) ,  140 .3  ( s ) .

a x i a l -  (152 ), 1 5 .4  ( t ) ,  2 5 .9  ( t ) ,  5 9 .0  ( t ) ,  6 6 .2  

(d ) ,  126 .9  (d ) ,  127 .2  ( d ) , 130 .4  ( d ) ,  130 .8  (d ) ,

140.1  ( s ) .

Vmax (CH2 C I2 ) :  3020w, 2940s, 1495m, 1450m, 1365m, 1330m, 1095m, 1075w, 

1055s, 1030m, 995w, 915w, 845m cm”^ .

m/e (%): #  199 (3 2 ) ,  171 (1 1 ) , 170 (5 3 ) , 156 ( 6 ) ,  108 ( 5 ) ,  104 (4 ) ,  92 

(8 ) ,  91 (1 0 0 ), 89 (7 ) .
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observed  m/^ 199.1353

c a l c u la te d  f o r  C1 4 H1 7 N 199.1361.

7 -A z a b ic y c lo [4 .2 . l ]n o n a -2 ,4 - d ie n -8 - o n e  (160 )115

C h lo ro su lp h c n y l iso c y a n a te  (3 .3m l, 37mmol) was added d ropw ise  to  

a  s o lu t io n  o f  c y c lc h e p ta t r ie n e  (3 .5 0 g , 37mmol) in  d ry  n itro m e th a n e  

(75ml) a t  0 % . The r e a c t io n  m ix tu re  was s t i r r e d  f o r  3 d ay s  a t  25%  

u n d er N2 . E v a p o ra tio n  o f  th e  s o lv e n t a t  red u ced  p r e s s u r e  a f fo rd e d  a  

c ru d e  p ro d u c t o f  N -c h lo ro s u lp h o n y l-7 -a z a b ic y c lo [4 .2 .1  ]n o n a -2 , 4 -d ie n -8 -  

one (1 6 2 ) . A s o lu t io n  o f  th e  c ru d e  N -c h lo ro su lp h o n y l la c ta m  (162) in  

a c e to n e  (20ml) and 2M (aq ) sodium h y d ro x id e  s o lu t io n  w ere added 

s im u lta n e o u s ly , d ro p  by  d ro p , t o  a  s t i r r e d  1 : 1  m ix tu re  o f  a c e to n e  and 

w a te r  (90ml) s a tu r a t e d  w ith  sodium c h lo r id e .  The r a t e s  o f  a d d i t io n  were 

c o n t r o l le d  so  a s  t o  m a in ta in  th e  r e a c t io n  m ix tu re  a t  pH 6 -7 . W ater 

(300ml) was added , and th e  p ro d u c t e x t r a c te d  in t o  d ich lo ro m eth an e  

(4  X 50m l). The com bined o rg a n ic  e x t r a c t s  were d r ie d  o v e r anhydrous 

magnesium s u lp h a te ,  and th e  s o lv e n t was e v a p o ra te d  a t  reduced  p re s s u re  

t o  y i e l d  a  y e llo w  s o l i d .  The p ro d u c t was t r i t u r a t e d  w ith  c o ld  d i e th y l  

e th e r  in  o rd e r  to  remove any c y c lo h e p ta tr ie n e  to  g iv e  (160) (1 .7 1 g , 33%) 

a s  y e llo w  n e e d le s :  np 106-108% , l i t .  irp 1 0 7 -1 0 8 .5 % .

6 h  (90MEIz, CDCI3 ) :  1 .7 0  (d , J  = 13.5Hz, IH ), 2 .4 3  (ddd , J  = 13.5Hz, J  

= 8.0H z, J  = 8.0H z, IH ), 3 .2 7  (dd, J  = 8.0Hz, J  = 8.0H z, IH ), 3 .9 0  (dd, 

J  = 8 .0H z, J  = 8 .0H z, IH ) , 6 .0 0  (m, 4H), 6 .9 0  (b r s ,  ex ch , IH ) .

Vmax (CH2 C I2 ) :  3420m, 3015m, 2980m, 2975m, 1690s, 1450w, 1400w, 1355w,

1320w, 1280w, 1230m, 1170m, 1135m, 1110m, 1055m, 1025m, 995m, 990w, 

880w, 860w cm"^.

(%): M+ 135 (3 3 ) , 92 (1 0 0 ), 91 (1 8 ) .
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3 -K e to -2 -a z a b ic y c lo [4 .2 .1 ]n o n a n e  (164 )

A s o lu t io n  o f  (160) (0 .7 5 g , 5.55mmol) in  d ry  te t r a h y d ro fu ra n

(70ml) was h y d ro g en a ted  a t  1 atm in  th e  p re se n c e  o f  5% p a lla d iu m  on 

c h a rc o a l  fo r  12h. The r e a c t io n  m ix tu re  was f i l t e r e d  th ro u g h  œ l i t e  and 

th e  s o lv e n t  e v a p o ra te d  a t  reduced  p r e s s u r e  to  y i e ld  (164) (0 .7 4 g , 96%) 

a s  a  y e llo w  o i l .

6 h  (90MHz, CDCI3 ) :  1 .4 9 -1 .9 5  (m, 8 H), 2 .3 8  (m, 2H), 3 .7 0  (m, 2H), 6 .7 7  

(b r  s ,  ex ch , IH ).

Vmax (CH2 C I2 ) :  3430m, 3050m, 2940s, 2870m, 1690s, 1475m, 1450m, 1415m, 

1305m, 1250m, 1185m, 1155m, lllO w , 1065m, 1035w, 1015w, 960w, 910m, 870w 

cm” l .

in/e (%): 139 (5 0 ) , 137 (7 ) ,  97 (8 ) ,  96 (4 7 ) , 83 (1 0 0 ), 82 (1 3 ) , 69

(10).

2 ^ ftz a b ic y c lo [4 .2 .1 ]n o n a n e  (165)

A s o lu t io n  o f  (164) (0 .6 9 g , 4.90mmol) in  d ry  d ie th y l  e th e r

(60ml) was added  d ro p w ise  t o  a  s t i r r e d  s l u r r y  o f  l i th iu m  alum inium  

h y d r id e  (0 .4 1 g , 10.7mmol) i n  d ie th y l  e th e r  (20m l). A f te r  r e f lu x in g  fo r  

4h, d e o o n p o s it io n  o f  ex ce ss  h y d r id e  was e f f e c t e d  by  a d d i t io n  o f  w a te r . 

The e th e r e a l  s o lu t io n  was washed w ith  2M h y d ro c h lo r ic  a c id  (3 x 20ml) 

and th e  com bined e x t r a c t s  d r ie d  o v e r anhydrous magnesium s u lp h a te .  The 

s o lv e n t was e v a p o ra te d  by  p a s s in g  a  g e n t le  s tre a m  o f  N2  o v e r  i t  to  y ie ld  

(165) (0 .2 5 g , 41%) a s  a  c o lo u r le s s  o i l .

6 h  (300MEiz, CDCI3 ) :  1 .4 0 -1 .6 0  (m, 8 H ), 1 .6 5  (d , J  = 12.3H z, IH ), 1 .8 3

(ddd, J  = 12.3H z, J  = 7.5Hz, J  = 7.5Hz, IH ), 1 .9 5  (b r  s ,  exch , IH ), 2 .4 0

(m, IH ), 2 .7 3  (d , J  = 10.5H z, IH ) , 3 .1 5  (d d , J  = 10 .5H z, J  = 7 .5H z, IH ),

3 .5 8  (d , J  = 7 .5 Hz , IH ).

“ / e  (%): #  125 (2 3 ) , 96 (1 0 0 ), 95 (1 7 ) , 83 (8 ) ,  82 ( 5 ) .
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7 -^ -B u ty l-2 H !J-c h lo ro su lF ix x iy l--ca rlx « a in id o -l, 2 , S -c y c lo h e p ta t r ie n e  ( 182)

t - B u ty lc y c ld h e p ta t r ie n e  (175c) (0 .1 4 1 g , 0.95mmol) in  d ry

d ic h lo ro m e th an e  (3m l) was added d ropw ise  t o  a  s o lu t io n  o f  CSI (83 ( i l ,  

0.94mmol) in  d ic h lo ro m e th an e  (1ml) a t  0 % . The r e a c t io n  m ix tu re  was 

s t i r r e d  f o r  3 days a t  room te n p e r a tu r e  and th e n  th e  s o lv e n t  e v a p o ra te d  

a t  red u ced  p r e s s u e  t o  y i e ld  a  d a rk  o i l .  P u r i f i c a t i o n  b y  f la s h  

ch rom atography  (5 0 :5 0 , d i e th y l  e th e r  : p e tro le u m  e th e r  [4 0 -6 0 % ] ) y ie ld e d  

(182) (0 .1 5 2 g , 55%) a s  a  y e llo w  o i l .

6 h  (300MHz, CDCI3 ) :  1 .0 7  ( s ,  9H), 1 .2 7  (ddd, J  = 6.0H z, J  = 6.0H z, J  = 

1 .5H z, IH ), 5 .4 2  (dd , J  = 9.0H z, J  = 7.0Hz, IH ), 6 .2 6  (d , J  = 6.0Hz, 

IH ), 6 .2 8  (ddd, J  = 9 .0H z, J  = 5 .7H z, J  = 1 .5H z, IH ) , 6 .5 0  (b r s ,  exch , 

IH ), 6 .9 3  (dd , J  = l l . l H z ,  J  = 5.7H z, IH ), 7 .0 7  (d , J  = l l . l H z ,  IH ) .

Vmax (CH2 C I2 ) :  3420s, 3320s, 2975s, 1725s, 1600m, 1540w, 1440s, 1410s, 

1375s, 1205s, 1180s, 1120w, 1040m, 1010m, 990w, 945w, 900s, 840w cm "l. 

m/g (%): M+ 293, 291 (3 , 9 ) ,  176 (1 0 0 ), 175 (2 6 ) ,  145 ( 4 ) ,  143 (1 2 ) ,  142

(1 8 ), 91 (2 7 ) .

7 - t - B u ty l - 2 - c y a n o - l^3 , 5 - c y c lo h e p ta t r ie n e  (183)

T r i  e th y la m in e  (0 .11m l, 0.79mmol) was added d ro p w ise  t o  a

s o lu t i c n  o f  (182) (0 .2 1 g , 0.70mmol) in  d ry  d ic h lo ro m e th an e  (2 m l). A f te r  

Ih ,  th e  s o lv e n t  was ev a p o ra te d  a t  reduced  p r e s s u r e  and th e  r e s id u e  

d is s o lv e d  in  d i e t h y l  e t h e r .  The r e s u l t i n g  s o lu t i c n  was p a sse d  down a  

s h o r t  column o f  s i l i c a  in  o rd e r  to  remove any t r i e th y la m in e  hy d ro 

c h lo r id e .  The s o lv e n t  was e v a p o ra te d  a t  reduced  p r e s s u r e  t o  y i e ld  (183) 

(0 .0 9 g , 73%) a s  a  y e llo w  o i l .

6 h  (300MHz, CDCI3 ) :  1 .0 3  ( s ,  9H), 1 .2 8  (ddd, J  = 6.0H z, J  = 6.0H z, J  =

I.5 H z , IH ), 5 .3 7  (dd, J  = 9.0Hz, J  = 7.0Hz, IH ) , 6 .0 2  (d , J  = 6.0Hz, 

IH ), 6 .2 9  (ddd, J  = 9 .0H z, J  = 5 .7H z, J  = 1 .5H z, IH ) , 6 .7 0  (d , J  =

I I . lH z ,  IH ), 6 .8 5  (dd , J  = l l . l H z ,  J  = 5.7Hz, IH ) .



-  191 -

Vmax (CH2 C I2 ) :  3030m, 2980s, 2880m, 2220m, 1600s, 1475m, 1375s, 1220m, 

1205m, 1185s, 1150m, 1060w, 1030w, 990w, 960w, 940w, 930w, 870m, 820m, 

800m an“ ^ .

^ / q (%): M+ 174 (1 8 ) , 148 (2 2 ) , 147 (8 ) ,  91 (1 0 0 ), 90 (2 1 ) .

9 -^ ie th y l-8 -< h la ro G u lp h o n y iin iiiK )-7 -o x ab icy c lo [4 .2 . l ] n o n a -2 f4 -d ie n e  (193)

7 -M e th y lc y c lo h e p ta tr ie n e  (192) (0 .6 2 g , 5 .87mmol ) in  d ry

d ic h lo ro m e th an e  (9m l) was added dropw ise  t o  CSI (0 .5 1 m l, 5 . 78mmol) a t  

0 % . The r e a c t io n  m ix tu re  was allow ed  t o  warm to  room te n p e r a tu r e  and 

s t i r r e d  o v e rn ig h t .  The s o lv e n t  was e v a p o ra te d  a t  red u ced  p r e s s u r e  t o  

y i e ld  (193) (0 .3 6 g , 25%) a s  a  re d  o i l .

ÔH (300MHz, CDCI3 ) :  1 .1 0  (d , J  = 6.0Hz, 3H), 2 .9 4  ( s e x t e t ,  J  = 6.0Hz,

IH ), 3 .9 8  (m, IH ), 5 .1 0  (m, IH ), 5 .9 0 -6 .3 2  (m, 4H ).

Vmax (CH2 C I2 ) :  3040w, 2985w, 1580s, 1435m, 1375s, 1200m, 1180s, 1155m, 

1135m, 1095m, 995w, 965w, 910m, 890m, 855m, 825w cm” ^ .

V e  (%): M+ 251, 249 (3 , 9 ) ,  106 (3 2 ) , 105 (1 6 ) , 91 (1 0 0 ) , 90 ( 5 ) .

9 -M e th y l-N -c a ilo r o su lp h c n y l-7 -a za t> icy c lo [4 .2 .1  ]n c n a -2 , 4-cL ien -B -cne (1 9 7 )

A s o lu t io n  o f  (193) (0 .305g , 1 . 22mmol) in  d ry  a c e t o n i t r i l e

(10ml) was h e a te d  f o r  12h a t  50% . The s o lv e n t  was e v a p o ra te d  a t  

red u ced  p re s s u e  to  y i e ld  (197) (0 .288g , 94%).

6 h  (300MHz, CDCI3 ) :  0 .9 5  (d , J  = 6.0Hz, 3H), 2 .7 7  ( s e x t e t ,  J  = 6.0Hz,

IH ), 3 .5 4  (dd , J  = 8.7H z, J  = 6.0Hz, IH ), 4 .7 0  (dd , J  = 6.0Hz, J  =

6 .0H z, IH ), 5 .7 7 -6 .4 3  (m, m ) .

Vmax (CH2 C I2 ) :  2960w, 1755s, 1600m, 1590w, 1435m, 1405s, 1365m, 1190s, 

1180s, 1165m, 1095m, 1050w, 1015w, 965w, 885m, 865m cm” ! .

(%): M̂- 251, 249 (4 , 1 2 ) , 106 (3 8 ), 105 (1 1 ) , 91 (1 0 0 ), 90 ( 6 ) .



-  192 -

9 -M e th y l-7 -a z a b ic y c lo [4 .2 .1 ]n o n a -2 ,4 --d ie n --8 -c n e  (198 )

A s o lu t io n  o f  (197) (0 .1 8 g , 0.72mmol) in  d ry  a c e to n e  (3ml) and 

2M (aq) sodium  h y d ro x id e  s o lu t io n  was added s im u lta n e o u s ly  d ro p  by  d ro p  

t o  a  s t i r r e d  1 :1  s o lu t io n  o f ace to n e  and w a te r  (14ml) s a tu r a t e d  w ith  

sodium  c h lo r id e .  The r a t e s  o f  a d d i t io n  w ere c o n t r o l l e d  so  a s  t o  

m a in ta in  th e  r e a c t io n  m ix tu re  a t  pH 6 -7 . The s o lu t io n  was pcxired in to  

w a te r (20ml) and th e  p ro d u c t e x t r a c te d  in to  d ic h lo ro m e th a n e  (5 x 10m l). 

The conb ined  o rg a n ic  la y e r s  were d r ie d  over anhydrous magnesium s u lp h a te  

and th e n  th e  s o lv e n t  was ev a p o ra te d  a t  red u ced  p r e s s u r e .  The re q u ire d  

la c tam  was i s o l a t e d  b y  f l a s h  chrom atography (1 0 :9 0 , m e th a n o l :d ie th y l  

e t h e r ) .  (198) was o b ta in e d  as  a  p a le  y e llo w  o i l  (0 .0 9 7 g , 90%).

6 h  (300MEÎZ, CDCI3 ) :  0 .8 3  (d , J  = 6.0Hz, 3H ), 2 .6 0  ( s e x t e t ,  J  = 6.0Hz, 

IH ), 3 .2 4  (dd , J  = 8.7H z, J  = 6.0Hz, IH ), 3 .7 2  (dd, J  = 6.0H z, J  =

6 .0H z, IH ), 5 .8 2 -6 .2 1  (m, 4H ).

Vmax (CH2 C I2 ) : 3415m, 3190m, 3025m, 2960m, 1690s, 1380m, 1355m, 1235w,

1220w, 1140w, 1120m, 1085m, 1035m, 880w cm"^.

ni/e (%): 149 (1 0 ) , 106 (5 0 ), 105 (1 2 ) , 92 ( 9 ) ,  91 (1 0 0 ) .

o b serv ed  ^ /g  149.0831

c a lc u la te d  fo r  CgHppNO 149.0832.

N -B e n z o y lo x y -l,4 -d ih y d r o -l,4 ^ im in m n F h th a le n e  (2 0 6 )

A s o lu t io n  o f  (9b) (0 .43g , 3.0mmol) i n  d ry  d ic h lo ro m e th an e  (5ml) 

was added t o  a  s o lu t io n  o f  b en zo y l p e ro x id e  (0 .4 9 g , 2.0mmol) in

d ich lo ro m eth an e  (10ml) o v e r 15 m in. a t  -1 5 % . A f te r  s t i r r i n g  fo r  30 

m in ., sodium  h y d ro x id e  (0 .2 9 g , 7 . 30mmol) was added and th e  r e a c t i c n  

m ix tu re  s t i r r e d  fo r  an a d d i t io n a l  2h a t  -1 0 % . The s o lu t io n  was poured  

i n to  ic e -w a te r  and th e  p ro d u c t e x t r a c te d  in t o  d ic h lo ro m e th an e  

(3 X 20m l). The o rg a n ic  p hase  was d r ie d  o v e r anhydrous magnesium
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s u lp h a te  and th e  s o lv e n t  ev a p o ra te d  a t  reduced  p r e s s u r e  to  y i e ld  (206) 

a s  a  y e llo w  o i l  (0 .6 7 8 g , 8 6 %).

6 h  (90MHz, CDClg): 5 .0 8  ( s ,  2H), 6 .6 6 -8 .0 1  ( s e r i e s  o f  m, I IH ) .

Vmax (CH2 C I2 ) : 3040m, 2950w, 1730s, 1640m, 1600m, 1580m, 1450m, 1435m, 

1390w, 1350m, 1315s, 1270s, 1190m, 1175s, 1100s, 1090s, 1070s, 1025s, 

860m, 840s, 820m cm~^.

N -Etydroixy^l,4--diliydro-l,4-iip iixiaaphthcL L«ie (207)

A s o lu t io n  o f  m e th an o lic  sodium h y d ro x id e  (20%, 0 .31m l) was 

added t o  a  s o lu t io n  o f  (206) (0 .3 9 8 g , 1 . 52mmol) in  m ethanol (2m l) a t  

0 % . The r e a c t io n  m ix tu re  was a llow ed  to  warm to  10%  and s t i r r e d  fo r  

an  a d d i t io n a l  I h .  W ater (20ml) was added and th e  p ro d u c t e x t r a c te d  in t o  

d ic h lo ro m eth an e  (4  x 10m l). The combined o rg a n ic  la y e r s  w ere d r ie d  ov er 

magnesium s u lp h a te  and th e  s o lv e n t  ev a p o ra te d  a t  red u ced  p r e s s u r e .  The 

c ru d e  p ro d u c t was p u r i f i e d  by  f la s h  chrom atography (m ethano l) t o  y ie ld  

(207) (0 .0 5 0 g , 21%) a s  a  re d  o i l .

6 y  (90MEÎZ, CDCI3 ) :  2 .9 3  (b r ,  s ,  exch, IH ), 4 .8 6  (m, 2H), 6 .8 3 -6 .8 7  (m, 

4H), 7 .1 3  (m, 2H).

Vmax (CH2 C I2 ) :  3660w, 3600-3100 (b r  m), 3070m, 3040m, 1450m, 1350s,

1275m, 1255m, 1205m, 1195m, 1160w, 1130m, 1090s, 1010m, 910m, 865s cm“ l .  

«i/e (%): M+- 159 ( 2 ) ,  144 (1 0 ) , 143 (1 0 0 ), 142 (6 ) ,  128 (1 1 ) , 118 (5 ) ,  

117 (6 7 ) , 116 (9 4 ) , 115 (7 9 ) , 114 (9 ) ,  90 (1 2 ) , 89 (1 3 ) .

N -d to sy lQ x y -l,4 -d ilT y d ro -l,4 —im inonaph thalene (2 0 5 )

To a  s o lu t io n  o f  (207) (0 .045g , 0 . 28mmol) i n  d ry  d i e th y l  e th e r  

(6 ml) was added a  s o lu t i c n  o f  t o s y l  c h lo r id e  (0 .0 6 3 g , 0.33mmol) in  

d ie th y l  e th e r  (3m l), fo llo w ed  b y  sodium h y d ro x id e  powder (0 .1 7 1 g , 

4 .28m m ol). The re a c tic x i m ix tu re  was s t i r r e d  f o r  1 4 i a t  0 %  and th e n
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ic e -w a te r  (10ml) added . The p ro d u c t was e x t r a c te d  in to  d ic h lo ro m eth an e  

(4 X 10ml) and th e  com bined o rg a n ic  la y e r s  d r i e d  o v e r  anhydrous 

magnesium s u lp h a te .  The s o lv e n t  was e v ap o ra ted  a t  red u ced  p r e s s u r e  and 

th e  r e s id u e  t r i t u r a t e d  w ith  c o ld  d ie th y l  e th e r  in  o rd e r  t o  remove th e  

ex cess  to s y l  c h lo r id e .  (205) was o b ta in e d  as  a  v h i t e  c r y s t a l l i n e  s o l id  

(0 .086g , 98%): np 142-143% .

6 h  (90MHz, CDCI3 ) :  2 .3 0  ( s ,  3H), 5 .4 0  (m, 2H), 6 .7 3  (m, 2H ), 7 .0 0  ( s ,

4H), 7 .0 2 , 7 .4 0  (AA'BB* system , J  = 8.3Hz, 4H ).

N-TosylOKy^l-^aniiiionaphthalene (208)

Dry m ethano l (1 4 ji l ,  0 .  3mmol ) was added to  a  s o lu t io n  o f  (205) 

(0 .0 2 2 g , 0.07mmol) in  t r i f l u o r o a c e t i c  a c id  (0 .5 m l) . A f te r  s t i r r i n g  f o r  

Ih  a t  room te n p e r a tu r e ,  2M (aq ) sodium  h y d ro x id e  s o lu t io n  was added 

u n t i l  th e  s o lu tic x i became a l k a l in e .  The p ro d u c t was e x t r a c te d  in to  

d ic h lo ro m eth an e  (3 x 5ml) and th e  conbined  o rg a n ic  la y e r s  d r ie d  o v e r 

anhydrous magnesium s u lp h a te .  The s o lv e n t  was e v a p o ra te d  a t  reduced  

p re s s u re  to  y i e ld  a  y e llo w  o i l .  The crude p ro d u c t was p u r i f i e d  by  f la s h  

chrom atography  ( e th e r )  t o  y i e ld  (208) (0 .0 2 0 g , 91%) a s  a  w h ite

c r y s t a l l i n e  s o l id :  up 144-145% .

6 h  (300MHz, CDCI3 ) :  2 .3 4  ( s ,  3H), 6 .9 8  (b r  s ,  exch , IH ), 7 .1 5 , 7 .6 4  

(AA'BB' sy stem , J  = 8.3H z, 4H), 7 .4 0  (m, 4H), 7 .7 0  (m, IH ), 7 .8 3 -7 .8 7  

(m, 2H).

Vmax (CH2 C I2 ) :  3350w, 3040w, 2960m, 2930m, 1510w, 1450m, 1400m, 1310m, 

1190m, 1170s, 1095s, 1050m, 1020m, 915m, 900m, 815m cm“ l .

“ / e  (%): 297 (1 4 ) , 260 (4 ) ,  259 (2 4 ), 258 (4 ) ,  241 (1 6 ) , 149 (1 2 ) , 147

(3 1 ) , 142 (1 0 ) ,  129 (1 0 0 ), 112 (5 2 ) .
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ABSTRACT

Syntheses and Reacticxis of Azabicycles by A. Bathgate

S e v e ra l novel n i t ro g e n  c o n ta in in g  b ic y c l ic  system s have been 

sy n th e s is e d  and t h e i r  ch em is try  in v e s t ig a te d .

The k in e t ic  and thermodynamic in v e rtcm e r r a t i o s  o f 

N -c h lo ro - 1 f 2 , 3 , 4 - t e t r a h y d r o - 2 - k e to - l , 4 -im inonaph tha lene  d e r iv a t iv e s  were 

d e te rm in e d . The r e s u l t s  su g g es ted  th a t  a  re p u ls iv e  i n t e r a c t io n  e x is te d  

between th e  p o s i t i v e  end o f  th e  carb o n y l d ip o le  and th e  incoming 

e l e c t r o p h i l i c  c h lo r in e .  D esp ite  r e a c t io n  under fa v o u ra b le  s o lv o ly t ic  

c o n d i t io n s ,  i t  appeared  th a t  hem olysis o f  th e  N -chloroam ines was 

favou red  o v er h e t e r o ly s i s .

Under c o n d itio n s  o f  n e g l ig ib le  in v e rs io n ,  N -c h lo ro -1 ,4 -d ih y d ro -  

1 -m e th y l- 1 , 4 -im in o n ap h th a len es  underw ent h e t e r o ly t i c  rearrangem en t to  

form  4 -m e th y lq u in o lin e s . From th e se  experim en ts  i t  was deduced th a t  th e  

q u in o lin e  p ro d u c ts  m ust be d e r iv e d  from th e  a n ti-N -c h lo ro am in es  w ith  

lo s s  o f  a b rid g eh ead  carbon  atom . A mechanism fo r  th e  fo rm atio n  o f  

th e se  p ro d u c ts  was p roposed .

N ortropane was s y n th e s is e d  in  h igh  o v e r a l l  y ie ld  and th e  f i r s t  

s y n th e s is  o f  a sim p le  d e r iv a t iv e  o f n o r t r o p - 6 -en e  which has been 

ach ieved  in  s ig n i f i c a n t  y ie ld  was a ls o  accom plished . The p roced u re  

dem onstra ted  th e  v i a b i l i t y  o f an in tra m o le c u la r  c y c l i s a t i o n  approach 

g iv en  an a p p ro p r ia te ly  n u c le o p h il ic  n i t ro g e n .

I n v e s t ig a t io n  o f th e  r e a c t io n s  o f ch lo ro su Ip h o n y 1 iso cy an a te  

w ith  7 - s u b s t i t u te d  c y c lo h e p ta tr ie n e s  p ro v id ed  ev id en ce  th a t  cho ice  o f 

s o lv e n t and r e a c t io n  tim e along  w ith  c a r e fu l  m o n ito rin g  e x e r t s  c o n tro l  

o v e r th e  a d d i t io n  o f e i t h e r  th e  C=0 o r  C=N m oiety  a c ro s s  th e  te rm in i o f 

th e  t r i e n e  u n i t .
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A d d it io n a l  E x p e r im e n ta l

A t to n p te d  s i l v e r - i c n  a s s i s t e d  rea rr a n g e m en t o f  N - c i i l o a : o - 5 ,6 ,7 ,8 -  

t e t r a f l u o r o - 1 , 2 , 3 , 4 H :e tr a h y d r o - 2 - k e t o - l ,4 - j j m n o o a F h t h a la ie  (3 3 a )

S i l v e r  n i t r a t e  (0 .2 8 g , 1 .65ininol) w as ad ded  t o  a  s o l u t i o n  o f  

N -c h lo ro a m in e  (3 3 a ) (0 .1 8 g ,  0.68m m ol) i n  d r y  m e th a n o l (2 m l) . The

r e a c t i o n  m ix tu re  was s t i r r e d  f o r  6h a t  room  t e n p e r a t u r e  u n d e r  N2  and  

th e n  th e  m e th a n o l w as e v a p o ra te d  a t  re d u c e d  p r e s s u r e .  l b  th e  r e s id u e  

w as added  b r i n e  (5 m l) , 2M (a q )  sod ium  h y d ro x id e  s o l u t i o n  (5m l) and 

d ic h lo ro m e th a n e  (1 0 m l). A f te r  f i l t r a t i c x i  ( t o  rem ove th e  s i l v e r  s a l t  

r e s i d u e s ) ,  t h e  p r o d u c t  was e x t r a c t e d  i n t o  d ic h lo ro m e th a n e  (3 x  10m l) and 

s i jb s e q u e n t ly  w ashed  w i th  w a te r  (1 0 m l) . The c o n b in e d  o r g a n ic  e x t r a c t s  

w ere  d r i e d  o v e r  an h y d ro u s  m agnesium  s u lp h a t e  and  th e  s o lv e n t  e v a p o ra te d  

a t  re d u c e d  p r e s s u r e  t o  a f f o r d  th e  am ine (3 2 a) (0 .1 4 g ,  89% ).

A tte n p te d  s i l v e r - i c n  a s s i s t e d  rea rr a n g e m en t o f  N - c h l o r o - 1 ,2 , 3 , 4 -  

t e t r  a h y d r o - 2 ^ e t o - l , 4 - in n n o n a p h th a la ie  (3 3 b )

I n  a l l  o f  t h e  fo l lo w in g  e x p e r im e n ts ,  w o rk -u p  in v o lv e d

e v a p o r a t io n  o f  t h e  s o lv e n t  a t  re d u c e d  p r e s s u r e .  l b  th e  r e s id u e  w as

added  b r i n e ,  2M (a q )  sod ium  h y d ro x id e  s o l u t i o n  and  d ic h lo ro m e th a n e .  

A f te r  f i l t r a t i o n  ( t o  rem ove th e  s i l v e r  s a l t  r e s i d u e s ) ,  th e  p r o d u c t  was

e x t r a c t e d  i n t o  d ic h lo ro m e th a n e  and s u b s e q u e n t ly  w ashed w i th  w a te r .  The

c o n b in e d  o r g a n ic  e x t r a c t s  w ere  d r i e d  o v e r  an h y d ro u s  m agnesium  s u lp h a t e  

and  th e  s o lv e n t  e v a p o ra te d  a t  r e d u c e d  p r e s s u r e .  I n  e a c h  c a s e ,  th e  

secCTidary am ine (32b) p ro d u c e d  in  th e  r e a c t i c n  was i s o l a t e d  b y  f l a s h  

c h ro m a to g ra p h y  (5 0 :5 0 ,  d i e t h y l  e t h e r :p e t r o le u m  e t h e r  [40-6C PC ] ) .  No 

o th e r  p r o d u c ts  w e re  i s o l a t e d .
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i )  S i l v e r  n i t r a t e  (45mg, 0 .26inm ol) w as ad ded  t o  a  s o l u t i o n  o f

N -c h lo ro a m in e  (33b ) (38mg, 0 .20m m ol) i n  d r y  m e th a n o l (2m l) and  s t i r r e d  

f o r  4h  a t  room t e n p e r a t u r e  u n d e r  N2 . W ork-up a f f o r d e d  am ine (32b) 

(28ng , 8 8 %).

i i )  S i l v e r  n i t r a t e  (526mg, 3 .  lOmmol ) w as ad d ed  t o  a  s o l u t i o n  o f  

N -c h lo ro a m in e  (33b ) (99mg, O .Slm m ol) i n  d r y  m e th a n o l (2m l) and  s t i r r e d  

f o r  3h u n d e r  N2 . W ork-up a f f o r d e d  am ine (32b) (76mg, 94% ).

i i i )  A s o l u t i o n  o f  N -c h lo ro a m in e  (33b ) (60mg, 0 .31m m ol) i n  to lu e n e  

(3m l) w as added  t o  a  s t i r r e d  m ix tu re  o f  s i l v e r  t e t r a f l u o r o b o r a t e  (llO m g, 

0.57m m ol) and  d r y  m e th a n o l ( 1 4 h l ,  0.35m m ol) i n  d r y  to lu e n e  (3m l) and 

s t i r r e d  f o r  3h a t  room  t e n p e r a t u r e  u n d e r  N2 . W ork-up a f f o r d e d  am ine 

(32b) (45ng , 91% ).

iv )  A s o l u t i o n  o f  N -c h lo ro a m in e  (33b) (54mg, 0.28ram ol) i n  d r y

to lu e n e  ( 1 m l) w as ad ded  t o  a  s u s p e n s io n  o f  s i l v e r  t e t r a f l u o r o b o r a t e

(280mg, 1 . 44mmol ) i n  d r y  t o lu e n e  (2m l) and  s t i r r e d  f o r  3h a t  room 

t e n p e r a t u r e  u n d e r N2 « D ry  m e th a n o l (4Q ul, 0 .99m m ol) w as s u b s e q u e n t ly  

added  and  th e  r e a c t i o n  m ix tu re  s t i r r e d  f o r  a  f u r t h e r  I h .  W ork-up 

a f f o r d e d  am ine (32 b ) (38mg, 85% ).

v) A s o l u t i o i  o f  N -c h lo ro a m in e  (33b) (40mg, 0.21ram ol) i n  d r y

to lu e n e  ( 1 m l) w as ad ded  t o  a  s u s p e n s io n  o f  s i l v e r  t e t r a f l u o r o b o r a t e

(196mg, l.O lram ol) i n  to lu e n e  (1 m l) . A f te r  s t i r r i n g  f o r  10 m in . a t  room 

t e n p e r a t u r e  u n d e r N2 , sod ium  n e th o x id e  (3 1ng , 0 .57m m ol) w as added  and 

th e  r e a c t i o n  m ix tu re  s t i r r e d  f o r  a  f u r t h e r  2 .5 h .  W ork-up a f f o r d e d  am ine 

(32b) (27ng , 81% ).
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Low te n p e r a t u r e  p r e p a r a t io n  and r e a rra n g em en t o f  N - c h l o r o - 1 ,2 , 3 , 4 -  

t e t r a h y d r o - l ,4 - im in o n c p h t h a le 3 ie  (4 8 b )

NCS (0 .2 7 6 g , 2 . 07minol) w as added  t o  a  s o l u t i o n  o f  1 , 2 , 3 , 4 -

t e t r a h y d r o - 1 , 4 - im in o n a p h th a le n e  (0 .2 5 0 g , 1.72ram ol) i n  d r y  d i c h l o r o 

m ethane (10m l) a t  -50*^C u n d e r  N2 « A f te r  s t i r r i n g  f o r  2 .5 h ,  th e  s o lv e n t  

was e v a p o ra te d  a t  r e d u c e d  p r e s s u r e  w i th o u t  a l lo w in g  th e  t e n p e r a t u r e  o f  

t h e  r e a c t i o n  m ix tu re  t o  r i s e  above - 2 0 % .  The r e s id u e  was d i s s o lv e d  in  

c o ld  to lu e n e  (10m l) and  f i l t e r e d  a t  low te n p e r a tu r e  ( t o  rem ove NCS and 

s u c c in im id e  ) .  The r e s u l t i n g  s o l u t i o n  o f  N -c h lo ro a m in e  (48b ) w as 

s u b s e q u e n t ly  added  t o  a  m ix tu re  o f  s i l v e r  t e t r a f l u o r o b o r a t e  (0 .4 0 g ,

2 . OGmmol ) i n  d r y  m e th a n o l (7 0 /i l ,  1 .73m m ol) i n  d r y  to lu e n e  (10m l) a t  

-5 0 °c . The r e a c t ic x i  m ix tu re  was a llo w e d  t o  warm t o  - 2 0 %  and s t i r r e d  a t  

t h a t  t e n p e r a tu r e  f o r  4 h . A f te r  e v a p o r a t io n  o f  th e  s o lv e n t  a t  re d u c e d  

p r e s s u r e ,  b r i n e  (20m l) an d  2M (a q )  sod ium  h y d ro x id e  s o l u t i c n  (20m l) w ere  

ad d ed , and  th e  m ix tu re  s u b s e q u e n t ly  f i l t e r e d  ( to  rem ove th e  s i l v e r  s a l t  

r e s i d u e s ) .  The p ro d u c t  w as e x t r a c t e d  i n t o  d ic h lo ro m e th a n e  (3  x 25m l) 

and  w ashed  w i th  w a te r  (2 0 m l) . The c o n b in e d  o r g a n ic  e x t r a c t s  w ere  d r i e d  

o v e r  an h y d ro u s m agnesium  s u lp h a t e  and th e  s o lv e n t  e v a p o r a te d  a t  re d u c e d  

p r e s s u r e .  The r e s id u e  was p u r i f i e d  b y  f l a s h  ch ro m a to g ra p h y  (3 0 :7 0 , 

d i e t h y l  e t h e r  : p e t ro le u m  e t h e r  [40-6CPc]) t o  a f f o r d  a  p a l e  y e llo w  o i l  

w h ich  was i d e n t i f i e d  a s  th e  re a r ra n g e m e n t p ro d u c t  (5 0 ) (0 .2 4 2 g , 81%) b y  

c o n p a r i s c n  o f  i t s  %  NMR s p e c tru m  w i th  an  a u t h e n t i c  s a n p le .

t r a n s - 1 - ( [ B o iz y lo x y c a r b c n y l ] am in o) - 4 - b r a iD - 2 - c y c lc h e p t e n e  (1 1 8 b )

A s o l u t i o n  o f  t h i o n y l  b ro m id e  ( 8 Q ul, 1.14ram ol) i n  c h lo ro fo rm  

(1m l) was added  d ro p w ise  t o  a  s o l u t i o n  o f  (114) (lOOmg, 0.38m m ol) and  

p y r id i n e  (0 .2 5 m l, 3.12m m ol) i n  c h lo ro fo rm  (10m l) a t  CPC. A f te r  s t i r r i n g  

f o r  I h  a t  CPc, th e  r e a c t  i c n  m ix tu re  was p o u re d  i n t o  ic e - w a te r  ( 2 0 m l) and
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th e  aqueous l a y e r  e x t r a c t e d  w i th  c h lo ro fo rm  (2  x 2 0 m l). The com bined  

o r g a n ic  e x t r a c t s  w ere  d r i e d  o v e r  an h y d ro u s  m agnesium  s u lp h a t e  and th e  

s o lv e n t  e v a p o ra te d  a t  re d u c e d  p r e s s u r e  t o  y i e l d  a  p o le  y e llo w  r e s id u e  

w h ich  was p u r i f i e d  b y  c h ro m a to g rap h y  (5 0 :5 0 ,  d i e t h y l  e t h e r  : p e t ro le u m  

e t h e r  [ 4 0 -6 0 % ]  ) .  The f i r s t  f r a c t ic x i  a f f o r d e d  (118b) (37mg, 30%) as  a  

p o le  y e llo w  o i l .

6 h  (90MEÎZ, CDCI3 ) :  1 .4 0 -2 .0 2  ( s e r i e s  o f  m, 6 H ), 4 .2 8  (m, IH ) ,  4 .5 0  (m, 

IH ) , 4 .8 0  (b r  s ,  e x c h , IH ) , 4 .9 2  ( s ,  2H ), 5 .5 2 - 5 .7 8  (m, 2H ), 7 .2 9  ( s ,  

5H ).

Vmax (GH2 C I2 ) :  3410m, 3020w, 2910m, 1 7 1 0 s , 1 5 1 0 s , 1445w, 1440w, 1335m, 

1305w, 1220m, llO Sw , 1075w, 975w, 750m, 735m cm“ l .

“ / e  (% ): 325 , 323 (2 , 2 )  243 (2 0 ) ,  200  ( 6 ) ,  199  ( 5 ) ,  153 ( 1 1 ) ,  152

( 6 2 ) ,  93 ( 2 5 ) ,  92  (1 0 0 ) .

R i r th e r  e l u t i o n  o f  th e  co lum n y i e ld e d  r e c o v e re d  s t a r t i n g  

m a te r i a l  (114) (21mg, 21%).

R e a c t io n  o f  c i s - 4 - ( b e n z y la m in o ) c y c lc h e x a n o l  (1 3 5 a )  w i th  t h i o n y l  c h l o r i d e  

To a  s o l u t i o n  o f  (1 3 5 a) (70mg, 0 . 34mmol ) i n  c h lo ro fo rm  (2m l) w as 

ad d ed  d ro p w ise  a  s o l u t i o n  o f  t h i o n y l  c h l o r i d e  (2 "^ 1 , 0 .37m m ol) i n

c h lo ro fo rm  (1 m l) . A f te r  lO m in. t . l . c .  i n d i c a t e d  lo s s  o f  s t a r t i n g  

m a t e r i a l .  An a l i q u o t  was rem oved from  th e  r e a c t i o n  m ix tu re  and  added  to  

a  s o lu t ic x i  o f  2M (a q )  sod ium  h y d ro x id e .  H ow ever, t h e  p ro d u c t  d eco n p o sed  

t o  g iv e  a  b la c k  i n t r a c t a b l e  t a r .  T h e r e f o r e ,  th e  re m a in d e r  o f  th e  

r e a c t i o n  m ix tu re  w as c o n c e n t r a te d  and  th e  r e s id u e  d i s s o l v e d  in  

d e u te ro c h lo ro fo rm  and  p la c e d  i n  an  NMR tu b e  w i th  a p p ro x im a te ly  one 

e q u iv a le n t  o f  p y r id i n e  (25 /a l, 0 .31 ram ol). The NMR and  t . l . c .

i n d i c a t e d  a  hom ogeneous m a te r i a l  w h ic h  w as th o u g h t  t o  b e  th e  

c h l o r o s u l p h i t e  d e r i v a t i v e  (4 5 ) .
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6 h  (90MHz, CDCI3 ) ;  1 .5 2 -2 .0 2  ( s e r i e s  o f  m, 8 H ), 2 .1 0  (b r  s ,  e x c h , IH ) ,

2 .8 0  (m, IH ) , 3 .9 1  ( s ,  2H ), 4 .9 1  (m, IH ) , a ro m a tic  s i g n a l s  o b s c u re d .

P e r io d i c  m o n i to r in g  b y  %  NMR i n d i c a t e d  a  f u r t h e r  ch an g e  in  th e  

p ro d u c t  w h ich  was e x tre m e ly  s lo w . H ow ever, a f t e r  h e a t i n g  a t  5CPC

o v e r n ig h t ,  th e  r e a c t i o n  w as c o n p le te  t o  g iv e  a  d i f f e r e n t  conpound  w h ich  

a g a in  a p p e a re d  t o  b e  hom ogeneous b y  ^H NMR and  t . l . c . , b u t  a l s o

deooirposed  on  aq u eo u s  w o rk -u p . T h is  w as assum ed t o  b e  t h e  c h l o r o -  

d e r i v a t i v e  (1 4 6 ) .

6 h  (90MHz, CDCI3 ) : 1 .5 0 - 2 .0 0  ( s e r i e s  o f  m, 8 H ), 2 .0 9  (b r  s ,  e x c h , IH ) ,

2 .5 7  (m, IH ) , 2 .8 9  (m, IH ) ,  3 .8 5  ( s ,  2H ), a ro m a tic  s i g n a l s  o b s c u re d .

A f te r  c o o l in g  t o  CPc, p y r id i n e  (0 .5 m l)  w as ad d ed  d ro p w ise  and 

th e  s o l u t i o n  a llo w e d  t o  warm t o  room t e i r p e r a tu r e  o v e r  I h .  The r e a c t i o n  

m ix tu re  was s u b s e q u e n t ly  p o u re d  i n t o  2M (a q )  sod ium  h y d ro x id e  s o l u t i o n  

(5m l) and  th e  aqueous l a y e r  e x t r a c t e d  w i th  d ic h lo ro m e th a n e  (3 x 5 m l) . 

The coiribined o r g a n ic  l a y e r s  w ere  d r i e d  o v e r  a n h y d ro u s  sod ium  s u lp h a t e  

and  th e  s o lv e n t  e v a p o ra te d  a t  r e d u c e d  p r e s s u r e .  The r e s id u e  was 

p u r i f i e d  b y  f l a s h  c h ro m a to g ra p h y  (7 0 :3 0 , d i e t h y l  e t h e r  : p e t ro le u m  e t h e r  

[4 0 -6 0 °C ] ) t o  a f f o r d  a l c o h o l  (135a) (40mg, 57% ). R a r th e r  e l u t i o n  o f  th e  

colum n y ie ld e d  s m a l l  q u a n t i t i e s  o f  s e v e r a l  conpounds w h ic h  c o u ld  n o t b e  

i d e n t i f i e d  b u t  d id  n o t  ^ p e a r  t o  be  th e  r e q u i r e d  p r o d u c t  (1 4 3 ) .

R e a c t ic n  o f  c i s - 4 - ( b e n z y l a m i n o ) c y c l o o c t a n o l  ( 1 3 5 c )  w i t h  t h i c n y l  

c h l o r i d e

To a  s o l u t i o n  o f  (1 3 5 c) (lOOmg, 0 . 43mmol) i n  c h lo ro fo rm  (5m l) 

was added  d ro p w ise  a  s o l u t i o n  o f  t h i o n y l  c h l o r i d e  ( 3 ^ 1 ,  0.47m m ol) i n  

c h lo ro fo rm  (2m l) a t  CPC. The r e a c t i o n  m ix tu re  was a l lo w e d  to  warm to  

room t e n p e r a tu r e  and  s t i r r e d  f o r  a  f u r t h e r  2 4h . A f t e r  c o o l in g  t o  CPc, 

p y r id i n e  (1m l) w as added  d ro p w ise  and th e  s o l u t i o n  s t i r r e d  fo r  I h .  The
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r e a c t i o i  m ix tu re  was s u b s e q u e n t ly  p o u re d  i n t o  2M (a q )  sod ium  h y d ro x id e  

s o l u t i o n ,  and  th e  aqu eo u s l a y e r  e x t r a c t e d  w i th  d ic h lo ro m e th a n e  

(2 X 1 0 m l). The com bined  o r g a n ic  e x t r a c t s  w e re  d r i e d  o v e r  an h y d ro u s  

sod ium  s u lp h a te  and  th e  s o lv e n t  e v a p o ra te d  a t  re d u c e d  p r e s s u r e .  The 

r e s id u e  was p u r i f i e d  f l a s h  c h ro m a to g ra p h y  (7 0 :3 0 , d i e t h y l  e t h e r :  

p e t ro le u m  e t h e r  [40 -6C P C ]) t o  a f f o r d  a l c o h o l  (1 3 5 c) ( 6 8 mg, 6 8 %). R i r t h e r  

e l u t i o n  o f  th e  colum n y i e ld e d  s m a l l  q u a n t i t i e s  o f  s e v e r a l  conpounds 

w h ich  c o u ld  n o t  b e  i d e n t i f i e d  b u t  d id  n o t  ^ p e a r  t o  b e  th e  r e q u i r e d  

p r o d u c t  (1 4 4 ) .

R e a c t io n  o f  c i s - 4 - ( b e n z y la m in o ) c y c lc h e x a n o l  (1 3 5 a )  w i t h  t h i o n y l  

b rom id e

To a  s o l u t i o n  o f  (1 3 5 a ) (80mg, 0 .39m m ol) i n  c h lo ro fo rm  (2m l) w as 

ad ded  d ro p w ise  a  s o l u t i o n  o f  t h i o n y l  b ro m id e  (3 % il , 0 .43m m ol) i n

c h lo ro fo rm  (1m l) a t  CPC. The r e a c t i o n  m ix tu re  was a llo w e d  t o  warm to  

room t e n p e r a tu r e  and s t i r r e d  f o r  a  f u r t h e r  2 4 h . A f te r  c o o l in g  t o  CPC, 

p y r id i n e  (0 .5 m l)  w as added  d ro p w ise  and  th e  s o l u t i o n  s t i r r e d  f o r  I h .  

The r e a c t i o n  m ix tu re  w as s u b s e q u e n t ly  p o u re d  i n t o  2M (aq ) sod ium  

h y d ro x id e  s o l u t i o n  ( 1 0 m l) and  th e  aq u eo u s  l a y e r  e x t r a c t e d  w i th  

d ic h lo ro m e th a n e  (2 x 1 5 m l) . The com bined  o r g a n ic  l a y e r s  w ere  d r i e d  o v e r  

an h y d ro u s  sod ium  s u lp h a t e  and  th e  s o lv e n t  e v a p o ra te d  a t  r e d u c e d  

p r e s s u r e .  The r e s id u e  w as p u r i f i e d  b y  f l a s h  c h ro m a to g ra p h y  (7 0 :3 0 , 

d i e t h y l  e t h e r  : p e t ro le u m  e t h e r  [40-6C PC ] ) t o  a f f o r d  th e  a lc o h o l  (135a) 

(59mg, 74%) a s  th e  o n ly  i d e n t i f i a b l e  p r o d u c t .
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R e a c t io n  o f  c i s - 4 —( b a iz y la n i in o ) c y c lo o c t a n o l  (1 3 5 c )  w i t h  t h i o n y l  brcanide

To a  s o l u t i o n  o f  (1 3 5 c) (90mg, 0 . 39inmol) i n  c h lo ro fo rm  (2m l) w as 

ad ded  d ro p w is e  a  s o l u t i o n  o f  t h i o n y l  b ro m id e  (33 ;u l, 0 ,43m m ol) i n

c h lo ro fo rm  (1m l) a t  CPC. The r e a c t i o n  m ix tu re  was a l lo w e d  t o  warm to  

room te n p e r a tu r e  and  s t i r r e d  f o r  a  f u r t h e r  2 4h . A f te r  c o o l in g  t o  CPc, 

p y r id i n e  (0 .5 m l)  w as ad ded  d ro p w ise  and th e  s o l u t i o n  s t i r r e d  f o r  I h .  

The r e a c t i o n  m ix tu re  w as s u b s e q u e n t ly  p o u re d  i n t o  2M (a q )  sod ium  

h y d ro x id e  s o l u t i o n  ( 1 0 m l) and  th e  aq u eo u s l a y e r  e x t r a c t e d  w i th  

d ic h lo ro m e th a n e  (2 x 1 5 m l) . The com bined o r g a n ic  l a y e r s  w e re  d r i e d  o v e r  

an h y d ro u s  sod ium  s u lp h a t e  and  th e  s o lv e n t  e v a p o ra te d  a t  re d u c e d  

p r e s s u r e .  The r e s id u e  w as p u r i f i e d  b y  f l a s h  c h ro m a to g ra p h y  (7 0 :3 0 , 

d i e t l i y l  e t l i e r :p e t r o l e u m  e t l i e r  [40-6C PC ]) t o  a f f o r d  fclie a l c o h o l  (135c) 

(49mg, 54%) a s  th e  o n ly  i d e n t i f i a b l e  p r o d u c t .

A t t a p t e d  r e d u c t io n  o f  7 - a z a b ic y c lo [ 4 .2 .1 ] n o n a - 2 ,4 - d i e t i - 8 - c n e  (1 6 0 )

I n  a l l  o f  th e  fo l lo w in g  e x p e r im e n ts ,  w o rk -u p  in v o lv e d  c a u t io u s  

d ro p w ise  a d d i t i o n  o f  w a te r  and  s u b se q u e n t a d d i t i a i  o f  214 (a q )  sod ium  

h y d ro x id e  s o l u t i o n .  A f te r  e x t r a c t i o n  o f  th e  p ro d u c t  i n t o  d i e t h y l  e t h e r ,  

th e  com bined o r g a n ic  l a y e r s  w ere  d r i e d  o v e r  anh y d ro u s m agnesium  s u lp h a t e  

and  th e  s o lv e n t  e v a p o ra te d  a t  re d u c e d  p r e s s u r e .

i )  A s o l u t i a i  o f  la c ta m  (160) (92mg, 0.68m m ol) in  t e t r a h y d r o f u r a n

(10m l) w as added  t o  a  s o l u t i o n  o f  d i i s o b u ty la lu m in iu m  h y d r id e  (1 .3 m l, 

l.OM s o l u t i o n  in  t e t r a h y d r o f u r a n )  in  t e t r a h y d r o f u r a n  (5m l) and  h e a te d  a t  

r e f l u x  f o r  5h u n d er N2 « W ork-up a f f o r d e d  s t a r t i n g  m a te r i a l  (160 ) (81mg, 

8 8 %) as  th e  s o l e  p r o d u c t .
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i i )  A s o l u t i o n  o f  la c ta m  (160) (147mg, 1 .09m m ol) i n  d r y  t e t r a 

h y d ro fu ra n  ( 1 0 m l) w as added  to  a  s u s p e n s io n  o f  l i t h i u m  a lu m in iu m  h y d r id e  

(48mg, 1 . 26mmol) i n  t e t r a h y d r o f u r a n  (10m l) and  h e a t e d  a t  r e f l u x  f o r  4h  

u n d e r N2 « W ork-up a f f o r d e d  s t a r t i n g  m a t e r i a l  (160) (139mg, 95%) a s  th e  

s o l e  p r o d u c t .

i i i )  A s o l u t i o n  o f  la c ta m  (160) (200mg, 1 .48m m ol) i n  to lu e n e  (10m l) 

was added  t o  a  s o l u t i c n  o f  R ed-A l (0 .9 m l, 3.4M s o l u t i o n  o f  sod ium  b i s ( 2 -  

m e th o x y e th o x y )a lu m in iu m  h y d r id e  i n  to lu e n e )  i n  to lu e n e  (5 m l) , and h e a te d  

a t  6 0 %  f o r  4h u n d e r  N2 . W ork-up a f f o r d e d  s t a r t i n g  m a t e r i a l  (180mg, 

90%) a s  th e  s o le  p r o d u c t .

R e a c t io n  o f  t - b u t y l c y c l c h e p t a t r i e n e  (1 7 5 c )  w i t h  c h lo r o s u lp h o r iy l  i s o -  

c y a n a t e  and su b s e q u e n t  a l k a l i n e  h y d r o l y s i s

A s o l u t i o n  o f  _ t - b u ty lc y c lo h e p ta t r ie n e  (1 7 5 c ) (90mg, 0 .61m m ol) i n  

d r y  d ic h lo ro m e th a n e  (2m l) was added  d ro p w ise  t o  a  s o l u t i c n  o f  CSI (5^^ul, 

0.61m m ol) i n  d ic h lo ro m e th a n e  ( 1 m l) a t  0 *̂ C and  th e  r e a c t i o n  m ix tu re  

s t i r r e d  f o r  3 d ay s  a t  room t e n p e r a t u r e .  The s o lv e n t  w as e v a p o ra te d  a t  

re d u c e d  p r e s s u r e  and  th e  r e s id u e  r e - d i s s o l v e d  i n  d r y  a c e to n e  (5 m l) . 

T h is  s o l u t i o n  and  2M (a q )  sod ium  h y d ro x id e  s o l u t i o n  w ere  ad ded  

s im u l ta n e o u s ly  d ro p  b y  d ro p  to  a  s t i r r e d  1 : 1  s o l u t i o n  o f  a c e to n e  and 

w a te r  (5m l) s a t u r a t e d  w i th  sod ium  c h l o r i d e .  The r a t e s  o f  a d d i t i o n  w ere  

c o n t r o l l e d  so  as  t o  m a in ta in  th e  r e a c t i o n  m ix tu re  a t  pH 6 -7 . The 

s o l u t i o n  was p o u re d  i n t o  w a te r  ( 1 0 m l) and  th e  p r o d u c t  e x t r a c t e d  i n t o  

d ic h lo ro m e th a n e  (4 x 1 0 m l). The com bined  o r g a n ic  l a y e r s  w ere  d r i e d  o v e r  

anhydrous m agnesium  s u lp h a t e  and  th e n  th e  s o lv e n t  e v a p o r a te d  a t  re d u c e d  

p r e s s u r e .  The r e s id u e  was p u r i f i e d  b y  f l a s h  c h ro m a to g ra p h y  (7 0 :3 0 , 

d i e t h y l  e t h e r  : p e t ro le u m  e t h e r  [40-6CPc] ) .  S m a ll q u a n t i t i e s  o f  s e v e r a l
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œnpounds were i s o la t e d  but cou ld  not be id e n t i f i e d .  The o n ly  

id e n tf ia b le  product was (186) (6mg, 5%).

«H (300MHz, CDCI3 ) :  1 .0 5  ( s ,  9H ), 3 .4 5  (dddd , J  = 12 .0H z, J  = 7 .5H z, J

= 4 .4H z, J  = 1 .5H z, IH ) ,  4 .0 7  (ddd , J  = 12 .0H z, J  = 3 .9H z, J  = 2 .2H z,

IH ) , 4 .1 3  (d ,  J =  7 .5 H z , I H ) , 5 .6 9  (d d , J  = 9 .8 H z , J  = 4 .4 H z , I H ) , 5 .8 9  

(d d d , J  = 9 .8H z, J  = 3 .9 H z, J  = 0 .5H z, IH ) , 6 .0 5  (dddd , J  = 9 ,8 B z , J  =

5 .3 H z, J  = 1 .5 H z, J  = 0 .5 H z , IH ) , 6 .2 6  (d d d , J  = 9 .8 H z , J  = 5 .3 H z , J  =

2 .2H z, IH ) .

Vmax (CH2 C I2 ) :  3040W, 2960m, 2870w, 1 7 5 5 s , 1480m, 1460w, 1 3 5 5 s , 1215m, 

1 1 7 5 s , 1135w, lOOCXv, 930m, 8 4 5 s , 790m cm“ ^ .

^ /e  (%): M+ 190 (4 3 ), 189 (1 2 ), 146 (7 2 ), 145 (1 5 ), 133 (100), 132 (1 2 ), 

131 (9 ) , 89 (42), 88 (2 6 ), 87 (1 5 ).
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R j r t h e r  I n f o r m a t io n  a n d  D a ta

Low t e n p e r a t u r e  p r e p a r a t i o n  an d  r e a r r a n g a n e n t  o f  ( 6 6 b ) (p .  162)

The r e a c t i o n  a f f o r d e d  a  p r o d u c t  w h ich  was i d e n t i f i e d  a s

4 - m e th y lq u in o l in e  (60b) b y  c o n p a r i s a i  o f  i t s  NMR s p e c tru m  w i th  an  

a u t h e n t i c  s a i tp le  (S .R . J o h n s , R . I .  W i l l in g ,  A u s t . J .  C hem ., 1976 , 2 9 , 

1 6 1 7 ) .

S i l v e r - i c n  a s s i s t e d  m e tfa a n o ly s is  o f  ( 6 6 c )  i n  t o l u e n e  (p .  163)

The r e a c t i o n  a f f o r d e d  a  p r o d u c t  w h ich  was i d e n t i f i e d  as

5 , 8 -d im e th o 3cy-4 - m e th y lq u in o l in e  (6 0 c ) b y  c o n p a r i s c n  o f  i t s  m e l t in g  p o i n t  

w i th  an a u t h e n t i c  s a irp le  (C .E . K aslow , N .B . Somirer, J .  Am. Chem. S o c . , 

1946 , æ ,  6 4 4 ) .

N o r tro p a n e  (1 1 0 ) ( p . 183)

The r e a c t i o n  a f f o r d e d  a  p r o d u c t  w h ich  was i d e n t i f i e d  a s

n o r tro p a n e  (100) b y  c o irp a r is o n  o f  i t s  NMR sp e c tru m  w i th  an  a u t h e n t i c  

s a i tp le  (E . W en k ert, J .D .  B in d ra ,  C. Chang, D.W. O ochran , F.M. S c h e l l ,  

A cc. Chem. R e s . , 1974 , 1_, 4 6 ) .

c is -4 - (B e n z o y la m in o ) -2 -c y c ld h e x e n o l  (1 3 3 a )  ( p . 177)

o b s e rv e d  2 1 7 .1 1 0 4

c a l c u l a t e d  f o r  C1 3 H1 5 NO2  2 1 7 .1 1 0 3 .

c i s - 4 - ( B e n z y la m in o ) c y c lc h e p ta n o l  (13% )) (p .  181)

o b s e rv e d  ^ /g  219 .1 6 2 5

c a l c u l a t e d  f o r  0 x4 8 3 1 ^ 0  2 1 9 .1 6 2 3 .
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c is -4 - (B Q n z y la m iix ) )c y c ld h e x a r io l (1 3 5 a ) (p .  181) 

o b s e rv e d  ^ /g  2 05 .1471

c a l c u l a t e d  f o r  C1 3 H1 9 NO 2 0 5 .1 4 6 7 .

c i s - 4 - ( B a iz y la in in o } c y c lc o c ta n o l  (1 3 5 c ) (p .  182) 

o b s e rv e d  ^ /g  2 33 .1777

c a l c u l a t e d  f o r  C1 5 H2 3 NO 2 3 3 .1 7 8 0 .

c is -4 -(B e n z y la m in o )-2 -c y c lb h e 3 ff i iX )l (1 5 0 a ) (p .  185) 

o b s e rv e d  ^ /g  2 03 .1313

c a l c u l a t e d  f o r  C1 3 H1 7 NO 2 0 3 .1 3 1 0 .
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S u b se q u e n t m ass s p e c t r a l  d a t a  was o b ta in e d  from  Beecham 

P h a rm a c e u t ic a ls  R e s e a rc h  D iv is io n ,  Brockham P a rk , B e tc h w o rth , S u r r e y .

H igh r e s o l u t i o n  m ass s p e c t r a l  d a t a  ( e l e c t r o n  i o n i s a t i o n )  was 

o b ta in e d  u s in g  a  VG 7070F d o u b le  fo c u s in g  m ass s p e c tr o m e te r  a t  a  

r e s o l u t i o n  o f  5000 u s in g  p e r f lu o r o k e r o s e n e  a s  r e f e r e n c e .  I s o b u ta n e  

c h e m ic a l i o n i s a t i o n  s p e c t r a  w ere o b ta in e d  u s in g  th e  VG 7070F m ass 

s p e c tro m e te r  o p e r a te d  a t  low  r e s o lv i n g  pow er ( 1 0 0 0 ) .

In  c a s e s  v h e re  m o le c u la r  io n s  (M^) w ere r e l a t i v e l y  s m a l l  when 

o b s e rv e d  b y  th e  e l e c t r o n  i o n i s a t i o n  te c h n iq u e ,  h i ^  r é s o l u t ic n  m ass 

s p e c t r a l  d a t a  was o b ta in e d  cn  th e  p r i n c i p l e  f r a g m e n ta t io n  p r o d u c t ( s ) .  

M o le c u la r  m asses  w ere v e r i f i e d  b y  c h e m ic a l i o n i s a t i o n  g iv in g  v a lu e s  f o r  

MH+.

E le m e n ta l a n a ly s e s  w ere c a r r i e d  o u t  by  B u t te r w o r th  L a b o r a to r i e s  

L t d . ,  T e d d in g to n , M id d le se x .

N -C a r b c m e th Q ^ -5 ,6 , 7 ,  S - t e t r a f l u o r o - l , 4 - d i h y d r o - l , 4 - im i m n a p h th a le n e  

(2 9 a )  ( p . 138)

E . I . :  o b s e rv e d  ^ /g  2 7 3 .0 4 2 3

c a l c u l a t e d  f o r  C ]^2^7^2^4  2 7 3 .0 4 1 3 .

5 , 6 , 7 , 8 - T t e t r a f lu p r o - l , 2 , 3 , 4 - t e t r a h y d r o - 2 - k e t o - l , 4 - i ip in o n a f i i th a le n e  ( 32a )

( p . 140)

C . I . Î  MH+ 232 .

E . I . :  o b s e rv e d  ^ / g  (M^ -  CHO) 2 0 2 .0 2 8 4

c a l c u l a t e d  f o r  CgH^Np^ 2 0 2 .0 2 8 0 .

o b s e rv e d  ^ / g  (M"̂  -  ^2^2^^ 1 8 9 .0 2 0 0

c a l c u l a t e d  f o r  CgH^NF^ 1 8 9 .0 2 0 0 .
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N -C a r lx 3 i3 e r ia o K y -l,4 -d ih y d r o -l,4 - im in o n a p h th a len e  (4 5 ) ( p .146)

E . I . :  c b se rv e d  ^ /g  277.1109

c a l c u la te d  f o r  2 7 7 .1 1 0 3 .

N-C cu:bobenzoK y-l, 2 , 3 , 4 —t e t r a h ÿ d r o - 2 - h ^ a r o g y - l ,4 -iin in n n a p h th a ie n e  (4 6 )

( p . l 4 7 )

C . I . :  MH'*' 296.

E . I . :  o b se rv e d  ^ /g  (M^ -  C2 H4 O) 251.0940

c a l c u l a t e d  f o r  CigH]^3N02 251 .0 9 4 6 .

1 .2 .3 .4 - T e t r a h y i r o - 2 - 4 c e to - l ,4 - i iu j io n £ p h th a le n e  (32b) ( p . 148)

C . I . :  160.

E . I . :  o b se rv e d  " '/g  (m"̂  -  CHO) 130.0666

c a l c u l a t e d  f o r  Cg^^N 1 3 0 .0657 .

o b se rv e d  ^ /g  (M^ -  C2 HO) 118.0656

c a l c u l a t e d  f o r  CgHgN 1 1 8 .0657 .

l - T r i m e t h y l s i ly l - 2 - m e t h y l  p y r r o l e  (6 5 ) (p . 149)

E . I . :  o b se rv e d  ^ /g  153.0967

c a l c u l a t e d  f o r  CgHj^^NSi 1 5 3 .0 9 7 4 .

1 . 4 - D ih y d r o - l - m e t h y l - l , 4 - im in o n a p h th a le n e  (6 Ib )  ( p . 151)

E . I . :  o b s e rv e d  ^ /g  157 .0891

c a l c u l a t e d  f o r  C^pH^iN 1 5 7 .0 8 9 1 .
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5 , 6 , 7 , 8 - T t e t r a f l u o r o - l  , 2 , 3 , 4 - t e t j r à h y i r o - l - m e Ü iy l - l , 4—im in o n a p h th a le n e  

(6 2 a )  ( p . l 5 2 )

C . I . :  MH+ 232 .

E . I . :  o b s e rv e d  ^ /g  (m"*'-C2 H4 ) 2 0 3 .0352

c a l c u l a t e d  f o r  C9 H3 NF4  2 0 3 .0 3 5 8 .

1 .2 .3 .4 -T e l ja h y d ix > - l - f l ie th y l - l ,4 - i in in o n a p i i th a le n e  (62b) ( p . 153)

C . I . :  Ntr** 160

E . I . :  o b s e rv e d  ^ /g  (M ^-^2^4) 1 3 1 .0736

c a l c u l a t e d  f o r  CgHgN 1 3 1 .0 7 3 5 .

1 . 2 . 3 .4 - T e t r a h y d r o - 5 ,B - d im e th a x y - l - j i e t l y l - l , 4 - im in o i i ^ h th a le n e  (6 2 c )

( p . 153)

E . I .  : o b s e rv e d  ^ / g  2 1 9 .1 2 5 8

c a l c u l a t e d  f o r  C i3 H2 7̂ N0 2  2 1 9 .1 2 5 9 .

N -B e n z o y l-7 -o a c a -8 -a z a ib ic y c lo [2 .2 .2 ]c x ± -5 -e n e  (1 3 2 a) ( p . 175)

Found: C, 7 2 .8 1 ; H, 6 .1 5 ;  N, 6 .56% . C1 3 H2 3 NO2

r e q u i r e s :  C, 7 2 .5 9 ; H, 6 .0 9 ;  N, 6 .51% .

N-Beii2 o y l - 9 - o x a - 1 0 - a z a b ic y c l o [ 4 . 2 . 2 ]d e c a -7 - e n e  ( 1 3 2 c ) ( p . 176)

Found: C, 7 3 .8 5 ; H, 7 .0 6 ;  N, 5.80% . C i5 % 7 N0 2

r e q u i r e s :  C ,7 4 .0 5 ; H, 7 .0 4 ;  N, 5.76% .


