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SUmiARY

P a r t  I

th e rm a l T ic h a e l r e a c t io n  has "been in v e s t ig a te d  from  th e  p o in t  

o f  v iew  o f  h o th  scope and mechanism* The r e a c t io n  has been  shown to  

"be o f  c o n s id e ra b le  s y n th e t ic  u s e fu ln e s s  w herever th e  a c t iv e  m ethylene 

compound u se d  i s  c a p a b le  o f  f a c i l e  enamine fo rm a tio n .

The mechanism o f  th e  r e a c t io n  has been  shown to  in v o lv e  th e  i n i t i a l  

a t t a c k  o f  th e  Llannich b ase  on th e  a c t iv e  m ethylene compound, fo llo7,Ted 

by  deco m p o sitio n  o f  th e  adduct to  g iv e  a  v in y l  ketone and a c a rb in o lam in e . 

The r e a c t io n  i s  com pleted  by fo rm a tio n  o f  an enamine from  th e  c a rb in ~  

o lam ine and a lk y la t io n  o f  t h i s  by -the v ii iy l  k e to n e , th e  v,ra t e r  produced  

i n  th e  d e h y d ra tio n  o f  th e  c a rb in o lam in e  se rv in g  to  h y d ro ly se  th e  

r e s u l t a n t  a lk y la te d  enam ine. C o n s is te n t w ith  t h i s  mechanism, th e  

g e n e ra l p a t t e r n  o f  o r e in t a t i o n  p a r a l l e l s  t h a t  o f  enamine c h e m is try , 

w ith  a llow ance  b e in g  made f o r  th e  e la v a te d  te m p e ra tu re s  in v o lv e d  in  

th e  th e rm a l r e a c t io n .

P a r t  I I

S y n th e tic  approaches to  a p roposed  in te rm e d ia te  in  s e s q u ite rp e n e  

b io g e n e s is  have been  o n ly  p a r t i a l l y  s u c c e s s fu l .  A f te r  th e  f a c i l e  

g e n e ra t io n  o f  a s u i ta b ly  s u b s t i tu t e d  seven-m enbered r in g ,  d i f f i c u l t y  

has b e e n  en co u n te red  in  th e  t r a n s fo rm a tio n  o f a  1,1 - d i e s t e r  in to  a

1 -k e to  fu n c t io n  in  a 2 - s u b s t i tu t e d  c y c lo h e p te n e . The co n fo rm a tio n a l



c o m p le x it ie s  o f  such compounds have been  in v e s t ig a t e d  in  th e  develop ' 

ment o f  a v ia b le  s y n th e t ic  ro u te  f o r  t h i s  tr a n s fo rm a tio n .  L a te r ,  

prob lem s have been  e n co u n te red  in  th e  a lk y la t io n  o f  a  2 - s u b s t i t u t e d  

cy c lo h ep tan o n e  to  form  a  s ix -c a rb o n  s id e  c h a in .
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PART I

THE THERMAL MICHAEL REACTION



INTRODUCTION:.

The M ichael r e a c t io n  o r  1 ,4 - a d d i t io n  o f  an a c t iv e  m ethy lene

compound a c ro s s  th e  c o n ju g a te d  system  o f  an o cp -u n sa tu ra ted  k e to n e ,

a ld eh y d e  o r  c a rb o x y lic  a c id  d e r iv a t iv e ,  has p ro v id ed  i n  i t s

(2 )d iv e rs e  r a m i f ic a t io n s  s in c e  i t s  d is c o v e ry ' '  i n  I 887 , one o f  th e  

m a jo r m ethods o f  fo rm a tio n  o f  a  new ca rb o n -ca rb o n  bond. The 

e x te n t  o f  i t s  u s e fu ln e s s  c a n , p e rh a p s , b e s t  be a t t r i b u t e d  to  th e  

number and  a c c e s s i b i l i t y  o f  donors and a c c e p to rs  w hich r e a d i ly  

undergo  c o n d e n sa tio n  u nder th e  c o n d i t io n s  o f  th e  r e a c t io n s .

The r e a c t io n  i s  g e n e r a l ly  b ase  c a ta ly s e d ,  b u t ,  a s  th e  b ase  

u se d  t o  form  th e  a n io n  o f  th e  donor m o lecu le  i s  re g e n e ra te d  in  

th e  c o u rse  o f  th e  r e a c t io n ,  o n ly  a  c a t a l y t i c  amount i s  

t h e o r e t i c a l l y  r e q u ir e d .  As w ith  many o th e r  w idely  u sed  s y n th e t ic  

o rg a n ic  r e a c t io n s ,  c o m p lic a tio n s  can  o f te n  a r i s e  and, most 

commonly in  th e  ca se  o f  th e  M ichael r e a c t io n ,  th e  p ro d u c ts  can  

undergo  f u r t h e r  t r a n s fo rm a tio n  u n d er th e  p r e v a i l in g  b a s ic

( l a )c o n d i t io n s  e .g .  a ld o l  c y c l i s a t i o n ,  d ia d d i t io n ,  "abnorm al" M ichael 

T h is c o m p lic a tio n  n e c e s s i t a t e s  th e  m ild e s t p o s s ib le  r e a c t io n  

c o n d i t io n s  b u t has  in  tu r n  p ro v id e d  much o f  th e  i n t e r e s t  o f  th e  

r e a c t io n .

One o f  th e  most g e n e ra l a p p l ic a t io n s  o f  th e  r e a c t io n  i s  t h a t  

o f  a  v in y l  k e to n e  o f  th e  ty p e  ( l )  w ith  a compound c o n ta in in g  a
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m ethy lene g roup , a c t iv a t e d  by a  n e ig h b o u rin g  c a rb o n y l fu n c t io n ,  

to  y i e l d  a  1 ,5 -d ic a rb o n y l compound. In  th e  case  o f  a c t iv e  m ethy lene 

compounds w hich a re  sy m m e tric a lly  s u b s t i tu t e d  th e  r e a c t io n  p ro d u c t 

i s  form ed a lp h a  to  th e  c a rb o n y l g roup . However, in  th e  c a se  o f  

u n sy m m e tric a lly  s u b s t i t u t e d  compounds, th e r e  a r e ,  in  g e n e ra l ,  two 

p o s s ib le  p rim ary  s i t e s  o f  a l k y la t i o n ,  a lth o u g h  in  th e  m a jo r i ty  o f  

c a s e s  one o r  o th e r  i s  p re d o m in an tly  form ed under th e  r e a c t io n  

c o n d i t io n s  u sed .

In  th e  c o n d e n sa tio n  o f  u n sym m etrica l k e to n e s  w ith  v in y l  k e to n e s

(2 )i n  th e  p re sen ce  o f  b a s ic  c a t a l y s t s ,  co n d en sa tio n  i s  found  '  t o  

o ccu r m a in ly , i f  n o t e x c lu s iv e ly ,  a t  th e  more h ig h ly  s u b s t i tu t e d  

a c t iv e  c e n t r e .  Thus, when 2-m ethy lcyclohexanone (2 ) i s  c o n d e n s e d ^  

w ith  m ethyl v in y l  k e to n e  (l,R=L:e) u s in g  e i t h e r  T r i to n  B o r  

e th a n o l ic  p o ta ss iu m  h ydrox ide  a s  b a s ic  medium, th e  2 ,2 - s u b s t i t u t e d  

cyclohexanone (3 ) i s  form ed and when m e th y l-n -b u ty l k e to n e  (4) 

i s  condensed  w ith  m ethy l v in y l  k e to n e  u s in g  li th a m id e  a s  c a t a l y s t ,  

s u b s t i t u t i o n  ta k e s  p la c e  a t  th e  m ethylene r a th e r  th a n  a t  th e  

m ethy l p o s i t i o n .  A s im i la r  o r i e n t a t i o n  p a t te r n  i s  o b se rv ed  in  

th e  R obinson m o d if ic a t io n  o f  th e  M ichael r e a c t io n ;  i . e .  th e  

c o n d e n s a t io n ^ ^  o f  2 -m ethy lcyclohexanone w ith  th e  m e th io d id e  o f  

4 -d ie th y la m in o b u ta n  - 2 - o n e  (5 ) ,  i n  th e  p re sen ce  o f sodami.de to
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1*9 / vg iv e ' 10-m ethy l-A  - o c ta lo n e - 2 ( 6 ) .

I n  g e n e ra l ,  th e r e f o r e ,  th e  more h ig h ly  s u b s t i tu te d  p ro d u c t

can "be o b ta in e d  by co n d en sa tio n  u nder b a s ic  c o n d it io n s .  There

would ap p ea r to  be no im m ed ia te ly  „obvious r a t i o n a l i s a t i o n  f o r  th e

e x c lu s iv e  fo rm a tio n  o f 2 ,2 - s u b s t i tu te d  m a te r ia ls  in  th e  M ichael

r e a c t io n s  d e s c r ib e d  above, s in c e  i t  has been d e m o n s t r a te d ^ * ^

t h a t ,  a lth o u g h  th e re  i s  a p re fe re n c e  f o r  th e  e n o la te  an io n  ( 7 )

to  p redom inate  ov er th e  iso m er(8 ) a t  e q u ilib r iu m , t h i s  i s  o f th e

o rd e r  o f 6 0 :4 0 . M oreover, i t  would be expec ted  th a t  ( 7 ) b e in g

more s t e r i c a l l y  h in d e re d  would r e a c t  w ith  a v in y l ketone a t

( 2c )a  lo w er, o r a t  b e s t  com parab le, r a t e  to  ( 8 ) .  House^ 'h a s  

c o n s id e re d  two e x p la n a tio n s  f o r  t h i s  phenomenon. The f i r s t  i s  

t h a t ,  u n d er th e  c o n d it io n s  o f th e  M ichael r e a c t io n ,  th e  mono

a lk y la te d  p ro d u c ts  a re  i n t e r c o n v e r t ib l e ,  e .g .  (2 ) -> ^ ( lO )^ (9 ) .

T h is  h y p o th e s is  he t e s t e d  and d isp ro v e d , showing th a t  l i t t l e ,  i f  

^ 7 *  a p p re c ia b le  r e t r o - r e a c t i o n  i s  ta k in g  p la c e . However, th e re  

i s  a  second p o s s i b i l i t y ,  nam ely t h a t  th e  2 ,6 -iso m er i s  more

r a p id ly  co n v e rted  to  p o ly a lk y la te d  p ro d u c ts  than  th e  2 ,2 ,  a  f a c t

(5 )in  acco rdance  w ith  h i s  e a r l i e r  f in d in g s s * in  th e  m e th y la tio n  o f

2 -m ethy lcyc lohexanone . At p re s e n t  th e re  i s  no more p rofound  

e x p la n a tio n  a v a i la b le  and th e  h ig h  s p e c i f i c i t y  o f  th e  a lk y la t io n  

does n o t ap p ea r to  be com ple te ly  u n d e rs to o d .
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The s p e c i f i c  g e n e ra tio n  o f  th e  l e s s  h ig h ly  s u b s t i tu te d  mono

a lk y la te d  p ro d u c t o f  unsym m etrica l k e to n es  i s  b e s t  e f f e c te d  by
( l )

th e  c o n d en sa tio n  o f th e  v in y l  ke to n e  w ith  th e  enamine o f  th e  

k e to n e , form ed by th e  e l im in a t io n  o f a  mole o f  w ate r betw een th e  

k e to n e  and a  seco n d ary  am ine. C om petition  between N -a lk y la t io n  

and C -a lk y la t io n ,  found in  th e  co n d en sa tio n  o f enamines w ith  

a lk y l  h a l id e s ,  i s  n o t  found w ith  v in y l  k e to n es  s in c e  in  t h i s  

case  N - a lk y la t io n  i s  r e v e r s ib l e .  Enamine a lk y la t io n  has found 

wide s y n th e t ic  a p p l ic a t io n  s in c e  i t s  in t ro d u c t io n  and even in  th e  

case  o f  sy m m e trica lly  s u b s t i tu t e d  compounds may be th e  method o f  

ch o ice  where c e n t r e s  s e n s i t i v e  to  s tro n g  base a re  p re s e n t in  th e  

m o lecu le .

A lthough i t  i s  g e n e ra l ly  found th a t  enamine a lk y la t io n s  g iv e

o n ly  th e  l e s s  h ig h ly  s u b s t i tu t e d  p ro d u c t, some n o ta b le  e x c e p tio n s

(8 )have ap p ea red . I t  has been shown' '  t h a t ,  when th e  p y r r o l id in e  

enam ine o f  2 -m ethy lcyclohexanone i s  condensed w ith  m ethyl 

a c r y l a t e ,  a  m ix tu re  c o n ta in in g  ap p ro x im ate ly  equal p ro p o r tio n s  

o f  th e  2 ,2  & 2 ,6 - s u b s t i tu t e d  p ro d u c ts , (9 ) & (1 0 ) , a re  fo und .

T here a u th o rs  c la im , th e r e f o r e ,  t h a t  th e  s e l e c t i v i t y  o f  th e  enamine 

a lk y la t i o n  p ro ced u re  i s  by no means as g r e a t  as i s  g e n e ra l ly  supposed .
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As in  th e  case  o f  a lk y la t i o n  o f th e  e n o la te  an io n s  o f

u n sym m etrica l k e to n e s ,  th e  s p e c i f i c i t y  found in  most c a se s  o f

enam ine a lk y la t i o n  i s  n o t im m ed ia te ly  e x p l ic a b le  on th e  b a s i s  o f

(7 a)th e  s t r u c t u r e  o f  th e  s t a r t i n g  enam ine. S to rk w '  has s t a t e d

t h a t  th e  l e s s  s u b s t i tu t e d  enamine i s  form ed from unsym m etrica l

(9 )k e to n e s  and th e  same c o n c lu s io n  has been  reached  by O p itz ' .

Even 2 -pheny lcyclohexanone  h as  been s h o w n ^ ^  to  g ive  th e  l e s s  

h ig h ly  s u b s t i tu t e d  enamine by U.V. s p e c t r a l  d a ta .  However,

House has s in c e  g iv en  th e  r a t i o  o f  ( l l )  to  (12) as 85:15* q u o tin g  

u n p u b lish e d  r e s u l t s  o f  B e r c h t o l d ^ ^  and r e c e n t ly  G u r o w i tz ^ ^  

h as  shown t h a t  th e  p o s i t i o n  o f  th e  double bond i s  h ig h ly  dependen t 

b o th  on th e  n a tu re  o f  th e  2 - s u b s t i t u t e n t  and on th e  amine u se d . 

A lthough f o r  2 -m ethy lcyclohexanone th e  p y r ro l id in e  enamine e x i s t s  

90$  in  th e  l e s s  h ig h ly  s u b s t i tu t e d  form , th e  d ie th y lam in e  enamine 

i s  o n ly  25$  in  t h i s  form  w ith  th e  m orpholine enamine in te rm e d ia te  

a t  50$ .  These a u th o rs  d is c o u n t th e  e f f e c t  o f  b a s i s i t y  on double 

bond p o s i t io n  and invoke a b a la n c e  o f  s t e r i c  f a c to r s  and o v e r la p  

o f  th e  n i t ro g e n  lo n e  p a i r  w ith  th e  T T -e le c tro n s  o f th e  double 

bond as  an e x p la n a tio n . The e x is te n c e  o f b o th  iso m e ric  form s in

th e  enam ines o f  a l i p h a t i c  unsym m etrica l k e to n es  has been
t  T T A ^

d em o n stra ted  by n .m .r .  s tu d ie s  by two g ro u p s ' * and by t ’ 

su b seq u en t r e a c t io n  w ith  4**n i t r o p h e n y l a z i d e ^ ^ . I t  w ould,
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th e r e f o r e ,  app ea r t h a t ,  as i s  th e  case  w ith  e n o la te  a n io n s , th e  

p ro d u c t d i s t r i b u t i o n  i s  n o t e n t i r e ly  dependent on th e  s t r u c tu r e  

o f  th e  s t a r t i n g  enam ine.

The main drawbacks in  th e  use  o f  v in y l  k e to n es  as th e  a c c e p to r  

m o ie ty  in  M ichael r e a c t io n s  a re  t h e i r  in h e re n t  i n s t a b i l i t y  and 

ten d en cy  to  po lym erise  e s p e c ia l ly  a t  e le v a te d  te m p era tu re s  and 

i n  th e  p resen ce  o f th e  b a s ic  c a t a ly s t s  f r e q u e n t ly  em ployed.

I n  th e  m i d - t h i r t i e s , however, a tte m p ts  were made to  f in d  

s u i ta b le  compounds which would have g r e a te r  s t a b i l i t y  th an  

v in y l  k e tc n e s  b u t which would b reak  down under th e  p r e v a i l in g  

r e a c t io n  c o n d itio n s  to  l i b e r a t e  th e  v in y l ke tone in  s i t u .

E a r ly  a t te m p ts  by A l l e n ^ ^  and l a t e r  R o b in so n ^ ^  to  use 

j3 -ch lo ro k e to n e s  as p re c u rs o rs  were la r g e ly  u n s u c c e s s fu l,  b u t in  1935 

A b d u l l a h ^ ^  condensed a c e to a c e t ic  e s t e r  ( 13) w ith  

{3-dim ethylam inopropiophenone (14) a t  room tem p era tu re  in  th e  

p re se n c e  o f  sodium e th o x id e  to  g ive  (1 5 )•  Here th e  base  se rv ed  

a s  a  c a t a l y s t  bo th  fo r  th e  decom position  o f  th e  Mannich b ase  to

th e  v in y l k e to n e  (l,R = Ph) and f o r  th e  r e s u l t a n t  M ichael co n d e n sa tio n .
( 17 )

More r e c e n t ly  i t  has been shownv x th a t  th e  q u a te rn a ry  s a l t s  o f  

Mannich b a se s  breakdown r a p id ly  to  g iv e  th e  v in y l k e to n e  and th e  

k i n e t i c s  o f th e  p ro cess  have been in v e s t ig a te d .
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( IQ)M annich in  1937 "under s im i la r  c o n d itio n s  s u c c e s s f u l ly

condensed 2-dim ethylam inom ethylcyclohexanone (16) w ith  a c e to a c e t ic

e s t e r  and in  th e  same y e a r  Robinson p u b lish e d  the  f i r s t  o f  a

s e r i e s  o f  p ap ers  in  which he used  th e  q u a te rn a ry  s a l t s

o f  p -d ia lk y la m in o  ke to n es  as s y n th e t ic  in te rm e d ia te s  in

r e a c t io n s  to  form  condensed cyclohexenone d e r iv a t iv e s .  These

quate rn ary ; s a l t s  had th e  added advan tage over th e  f r e e  Mannich

b ase  o f  in c re a s e d  therm al s t a b i l i t y ,  b u t were s t i l l  r e a d i ly

decomposed in  th e  p resen ce  o f b a s ic  condensing  a g e n ts , such a s

sodam ide o r  sodium e th o x id e , and had th e  p ro p e r ty  o f l i b e r a t i n g

th e  r e a c ta n t  a t  minimal c o n c e n tra tio n  and op tim al r e a c t i v i t y .

I n  th e se  r e a c t io n s  e .g .  (17)-*>(18) th e  in te rm e d ia te  1 ,5 -d ik e to n e

u n d erg o es f u r th e r  a ld o l  co n d en sa tio n  and d eh y d ra tio n  where

p o s s ib le  under th e  r e a c t io n  c o n d itio n s  to  g ive  a  s u b s t i tu te d

cyclohexenone . A lthough t h i s  Robinson m o d if ic a tio n  has been

w id e ly  u sed ^ 20 ,̂ from th e  y ie ld s  t h a t  a re  quoted  i t  would ap p ea r

t h a t  e x c e p t in  c e r t a in  fa v o u ra b le  c ircu m stan ces  th e se  a re  r a r e l y

g r e a t e r  th a n  5Ofo» T his h a s , however, been improved by
( 2 l )

p u r i f i c a t i o n  o f  the  q u a te rn a ry  s a l t s  em ployed' . In  g e n e ra l 

i t  would seem th a t  th e  r e l a t i v e  m e rits  o f th e  c l a s s i c a l  M ichael 

c o n d e n sa tio n  o f  th e  a c t iv e  m ethylene compound and th e  v in y l ke tone  

and  th e  Robinson m o d if ic a tio n  v ia  th e  Mannich base o r  i t s



m e th io d id e  must be a sse sse d  in  any in d iv id u a l  c a se .

A lthough th e  therm al i n s t a b i l i t y  o f Mannich b ase s  a t  

e le v a te d  te m p era tu re s  was w ell known, t h i s  p ro p e r ty  was n o t 

u sed  s y s te m a tic a l ly  f o r  a lk y la t io n  purposes u n t i l  1952.

( 2 2 )Snyder had a ls o  shown '  th a t  n i t r o p a r a f f in s  and

g r a a in e ( l9 )  could  be condensed in  th e  s y n th e s is  o f

( 23)try p ta m in e  d e r iv a t iv e s  an d ' '  t h a t  Mannich b ases  could  

r e a d i ly  undergo amine exchange r e a c t io n s  in  th e  p resen ce  o f 

o th e r  secondary  am ines. L i o n s ^ ^ ,  however, made use o f  

th e  f a c t  t h a t  Mannich bases b reak  down sm oothly when h e a te d  in  

th e  p re sen ce  o f  a c t iv e  m ethylene compounds such as k e to n e s , 

t h i o l s  and n i t r o p a r a f f in s  to  g ive in  many cases  good y ie ld s  o f 

th e  d e s ir e d  a lk y la te d  p ro d u c t. In  some, b u t by no means a l l ,  

c a s e s  L ions c a r r ie d  ou t th e  r e a c t io n  w ith o u t any added b a s ic  

c a t a l y s t .  Here th e  amine i s  ag a in  ex tru d ed  from th e  r e a c t io n  

m ix tu re , more v o l a t i l e  am ines b e in g  p re fe r re d  f o r  t h i s  re a so n , 

and th e  re a g e n t i s  s a id  to  be added a c ro ss  th e  r e s u l t a n t  v in y l  

k e to n e . Somewhat s u r p r is in g ly  where th e  p roduct i s  a  1 ,5 -d ik e to n e  

cap ab le  o f  c y c l i s a t io n ,  as  in  th e  secondary  a ld o l  r e a c t io n  o f  

th e  c l a s s i c a l  and Robinson M ichael r e a c t io n s ,  such r e a c t io n  doe3 

n o t ta k e  p la c e .  The r e a c t io n  by t h i s  therm al method i s  a l le g e d
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to  "be c le a n e r  th an  th e  c l a s s i c a l  and Robinson p ro c e d u re s , y ie ld s  

a r e  f r e q u e n t ly  h ig h e r , l i t t l e  polym er i s  formed and com peting 

co n d e n sa tio n s  a re  s a id  to  be m inim ised.

In  none o f  th e  cases  s tu d ie d  by L i o n s w a s  th e re  any d u b ie ty

as  to  th e  s i t e  o f  a lk y la t io n  and i t  i s  on ly  when th e  r e a c t io n

i s  a p p l ie d  to  unsym m etrical ke to n es  th a t  i t s  tru e n a tu re  i s
( 25)

r e v e a le d .  Thermal c o n d e n sa tio n ' o f  2 -m ethy lcyc lopen tanone (20 )

w ith  e i t h e r  (3-dim ethylam inopropiophenone ( 14) o r  4-d im ethylanim o

b u ta n -2 -o n e  ( 2 l )  g iv e s  e x c lu s iv e ly  2 , 5 - s u b s t i tu te d  p ro d u c ts  (22 )

and ( 25 ) and n o t 2 ,2 - s u b s t i tu t io n  as would have been c o n f id e n t ly

p re d ic te d  by analogy  w ith  known c l a s s i c a l  M ichael o r i e n t a t i o n .

( 26)I n  a d d i t io n ,  House 'n o te d  th a t  by r e f lu x in g  a m ix tu re  o f

cy c lo p en tan o n e  ( 24) and 4 -d ie thy lam inobu tan -2 -one  ( 25)» a c c o rd in g

to  th e  method o f L ions, a  m ix tu re  o f d ik e to n e  ( 26) and d ia d d i t io n

p ro d u c t, th e  t r ik e to n e  ( 27), was o b ta in e d . I t  was n o ted  t h a t  th e

o r i e n t a t i o n  o f  a lk y la t io n  in  t h i s  case was a g a in  abnorm al. I t

would ap p ea r t h a t  the  m o d if ic a tio n  o f  th e  M ichael r e a c t io n

developed  by L ions i s ,  in  f a c t ,  a  s e p a ra te  r e a c t io n ,  d e s p i te

i t s  b e in g  c l a s s i f i e d ^ 2^  as a  Robinson-l'd ch ae l r e a c t io n .  The name

(25 )th e rm al-M ich ae l r e a c t io n  has th e re fo re  been a s c r ib e d  to  i t '
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I n  th e  l i g h t  o f  th e se  f in d in g s  i t  was dec ided  to  ap p ly  th e  

th e rm a l co n d en sa tio n  o f  Mannich bases to  a  v a r ie d  s e le c t io n  o f  

a c t iv e  m ethylene compounds w ith  a view to  exam ining f u r t h e r  th e  

s y n th e t ic  scope o f  th e  r e a c t io n .  In  p a r t i c u l a r ,  th e  o r i e n t a t i o n  

o f  s u b s t i t u t i o n  in  unsym m etrical ke to n es  re q u ire d  f u r th e r  s tu d y  

to  e s t a b l i s h  th e  g e n e r a l i ty  o f th e  observed  s u b s t i tu t io n a l  

a b n o r m a l i t ie s .  T h e r e a f te r , th e  m e c h a n is tic , ro u te  o f  th e
I

p ro c e s s  w hich had n o t y e t been e lu c id a te d  beyond a  r a t i o n a l i s a t i o n  

was w orthy  o f  more d e ta i le d  in v e s t ig a t io n .
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DISCUSSION:

As an im m ediate e x te n s io n  o f th e  c o n d e n s a t io n ^ ^  o f

(3-d im ethy lam inoprop iophenone ( l )  and 2-m e th y lcy c lo p en tan o n e  ( 2 ) ,

t h i s  M annich "base was condensed w ith  2-m ethylcyclohexanone ( 3) ,

(2 )fo llo w in g  th e  g e n e ra l p ro ced u re  o f  L io n sv . T h is y ie ld e d  7&i° 

o f  a  y e llo w  v is c o u s  o i l  w hich showed th re e  components on g . l . c .  

a n a ly s i s  in  th e  r a t i o  17 : 2 : 1 .

• The f i r s t  o f th e se  could  be i s o la te d  from  th e  crude p ro d u c t by 

c r y s t a l l i s a t i o n  a s  a w h ite  s o l id ,  H^q 0 ^ . This showed a 

d o u b le t m ethyl s ig n a l  c e n tre d  a t  9»03T (J= 6cps) in  th e  n .m .r .  

spectrum  and had ca rb o n y l a b s o rp tio n  a t  1712 & l688cm” ^ in  th e  

i n f r a - r e d ,  c o rre sp o n d in g  to  cyclohexanone and a r y l  ketone r e s p e c t iv e ly .  

3y com parison o f t h i s  d a ta  a lo n g  w ith  th e  mass spectrum  and 

g . l . c .  r e t e n t io n  tim e o f an a u th e n t ic  sam ple, t h i s  was shown to  be 

2« m eth y l-2 ((3 -b en zo y le th y l)  cyclohexanone ( 4 ) .  The a u th e n t ic  

sam ple was p rep a red  by th e  r e a c t io n  o f phenyl v in y l ketone ( 5 ) 

and th e  p y r r o l id in e  enamine o f  2-m ethylcyclohexanone (6 )  under 

s ta n d a rd  c o n d it io n s  • The p ro d u c t, o b ta in e d  in  74/® y ie ld ,  

showed no d e p re s s io n  in  a  mixed m e ltin g  p o in t  w ith  th e  m a te r ia l  

i s o l a t e d  from  th e  o r ig i n a l  r e a c t io n  m ix tu re .

C a re fu l p r e p a ra t iv e  t . l . c .  e f f e c te d  th e  s e p a ra t io n  o f  th e  two 

m inor com ponents. The f i r s t  o f  th e se  showed a  s im i la r  n .m .r .  

spectrum  to  ( 4 ) w ith  th e  absence o f  th e  m ethyl s ig n a l .  T h is was
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shown by com plete s p e c t r a l  and g . l . c .  com parison w ith  an a u th e n t ic  

sam ple to  be 2-(j3~benzoylethyl) cyclohexanone ( 7 ) .  T his was 

p re p a re d  by th e  therm al c o n d e n s a tio n ^ ^  o f ( l )  and cyclohexanone 

and was o b ta in e d  in  $Ofo y ie ld  as a w h ite  s o l id  w ith  carbony l 

a b s o rp tio n  a t  1712 & 1688cm  ̂ in  th e  in f r a - r e d  spectrum  

c o rre sp o n d in g  to  cyclohexanone and a ry l  ketone r e s p e c t iv e ly .

The appea rance  o f ( 7 ) must have been due to  an im p u rity  o f  

cyclohexanone in  th e  2-m ethylcyclohexanone used  in  th e  r e a c t io n .

The th i r d  component a lso  had a  s im i la r  n .m .r .  spectrum  to  ( 4)1 

b u t e x h ib i te d  a  s in g l e t  m ethyl s ig n a l  a t  8 .95 'f and i t s  i n f r a 

re d  spectrum  had carbony l a b so rp tio n  a t  1707 & l689cm~^. By 

com parison o f  s p e c t r a l  and g . l . c .  d a ta  t h i s  was shown to  be 

i d e n t i c a l  to  a  sample o f 2 -m e th y l-2 (p -b e n z o y le th y l)  cyclohexanone

(4 )( 8 ) ,  p rep a red  in  64^  y ie ld  by th e  c o n d e n sa tio n ' '  o f phenyl v in y l 

k e to n e  and 2-m ethylcyclohexanone in  e th a n o lic  po tassium  h y d ro x id e .

I t ,  th e r e f o r e ,  appeared  th a t  the  f i n d i n g s ^  conce rn in g  th e  

o r i e n t a t i o n  o f a lk y la t io n  in  th e  cyclopen tanone case were 

e x te n d a b le  to  cyclohexanone. S ince t h i s  r e a c t io n  was o b v io u s ly

d i f f e r e n t ,  from  th e  p o in t o f view  o f  o r ie n t a t i o n ,  from b o th  th e  

c l a s s i c a l  and Robinson M ichael r e a c t io n s ,  some more d e ta i l e d  

i n v e s t ig a t io n  o f th e  m ech an is tic  ro u te  was p e r t in e n t .
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S in c e , in  norm al base  c a ta ly s e d  M ichael r e a c t io n s  w ith

u n sy m m e trica lly  s u b s t i tu te d  c y c lo a lk a n o n es , th e  p redom inan t,

i f  n o t e x c lu s iv e ,  p ro d u c t i s  th e  more h ig h ly  s u b s t i tu t e d  iso m er,

th e  p o s s i b i l i t y  e x is te d  th a t  th e  observed  p ro d u c t ( 4 ) i s  th e

k i n e t i c a l l y  c o n t ro l le d  p ro d u c t. The f a c t  t h a t  t h i s  k in e t i c

c o n t ro l  i s  in  ev idence  would seem re a so n a b le  s in c e  th e  r e a c t io n

tim es  in v o lv ed  in  th e  therm al r e a c t io n  a re  s h o r t  in  com parison

w ith  th e  norm al M ichael r e a c t io n  and th e  amine i s  removed from

th e  r e a c t io n  sp h ere  by e v a p o ra tio n , so d i s tu r b in g  th e  h y p o th e t ic a l

e q u i l ib r iu m . A cco rd ing ly , a  sample o f  th e  2 ,6 - s u b s t i tu te d  p ro d u c t

( 4 ) was t r e a t e d  under th e  " e q u i l ib r a t in g "  c o n d itio n s  employed in

th e  p ro d u c tio n  o f th e  2 ,2 - s u b s t i tu te d  p ro d u c t ( 8 ) ,  However, on

g . l . c .  a n a ly s i s  o f  th e  p ro d u c ts , no a p p a re n t change in  th e

co m p o sitio n  was n o ted  and, co n seq u en tly , th e  k in e t i c  c o n tro l

h y p o th e s is  i s  in v a l id .  T his i s  in  accordance w ith  th e  f in d in g s  

( 5)o f  Housew  who has shown, by d e u te r a t io n  s tu d ie s ,  th a t  no 

a p p re c ia b le  co n v ers io n  o f ( 9 ) & (10) ta k e s  p la ce  in  po tass iu m  

te r t - b u to x id e •

The e f f e c t  o f v a ry in g  th e  tem p era tu re  and tim e o f th e  r e a c t io n  

on th e  p ro d u c t y ie ld  and d i s t r i b u t io n  was th en  exam ined. When 

th e  r e a c t io n  was run  f o r  1 hour a t  150° th e  y ie ld  dropped to  62$>
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b u t no s i g n i f i c a n t  v a r ia t io n  in  th e  r e l a t i v e  p ro p o r tio n s  o f  th e  

2 ,2  & 2 , 6 - s u b s t i tu t e d  p ro d u c ts  was observed  on g . l . c .  a n a ly s i s .

A more d ra m a tic  drop in  y ie ld  was encoun tered  when th e  r e a c t io n  

was c a r r i e d  o u t by h e a t in g  f o r  2J- hours a t  110°, a  mere 2jfo  o f  

p ro d u c t b e in g  re c o v e re d . Once a g a in , th e  r e l a t i v e  p ro p o r tio n s  

o f  th e  two isom ers were u n a f fe c te d . I t  would seem, th e r e f o r e ,  

t h a t  th e  y ie ld  o f  p rod u c t i s  enhanced by th e  use o f  e le v a te d  

te m p e ra tu re s , a s u f f i c i e n t l y  h ig h  tem p era tu re  b e in g  employed to  

e n su re  read y  decom position  o f th e  Mannich b ase . E xperience has 

a l s o  shown (se e  l a t e r )  t h a t  th e  use o f p ro longed  r e a c t io n  tim es 

o f  g r e a t e r  th a n  around 1 hour add l i t t l e  to  th e  y ie ld .

An i n t e r e s t i n g  s id e  e f f e c t  o f t h i s  sequence o f r e a c t io n s  th e  

im p o rt o f  which w i l l  be d isc u sse d  more f u l l y  below , has been 

caused  by an im p u rity  o f cyclohexancne in  th e  2-m ethylcyclohexanone 

u se d in  th e  co n d e n sa tio n s . G . l .c .  a n a ly s i s  showed t h i s  to  be in  

th e  r e g io n  o f  5$ and a l l  a tte m p ts  to  remove i t  by f r a c t io n a t io n  

w ere u n s u c c e s s fu l .  The p roduct o f a lk y la t io n  o f  th i s , ( 7 ) »  has 

been i s o l a t e d ,  a s  d e sc r ib e d  above. The p ro p o r tio n  o f  t h i s  p ro d u c t 

r e l a t i v e  to  th e  norm al a lk y la t io n  p ro d u c t (4 ) was, how ever, found 

to  in c re a s e  as  th e  tem p era tu re  o f th e  r e a c t io n  was d e c re a se d  in
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th e  above sequence . S ince , from th e  y i e ld  o f t o t a l  p ro d u c t and 

th e  p e rc e n ta g e  o f (7 ) p re se n t in  i t ,  p r a c t i c a l l y  a l l  th e  

cyclohexanone  im p u rity  i s  be ing  consumed in  each r e a c t io n ,  i t  seems 

t h a t ,  w ha tev e r th e  m ech an is tic  co u rse  o f  th e  r e a c t io n  i s ,  i t  must 

be  c o m p a tio le  w ith  a  g r e a t ly  enhanced r e a c t i v i t y  o f  cyclohexanone 

o v e r 2 -m ethy lcyclohexanone .

(6)S in ce  liann ich  b a se s  a re  known to  decompose therm ally  in to  th e  

am ine and th e  v in y l  ketone a t  th e  te m p e ra tu re s  in v o lv ed  i n  th e  

r e a c t io n ,  i t  c o u ld  be argued  th a t  t h i s  i s  th e  i n i t i a l  s te p  in  th e  

r e a c t io n .  There a re  th e n  th r e e  p o s s ib le  modes o f  co n d en sa tio n  

w hich sh o u ld  be c o n s id e re d . I t  i s  p o s s ib le  th a t  2 -m ethy lcyclohexanone

(3 ) and  pheny l v in y l  ketone (3) undergo an u n c a ta ly se d  th e rm a l 

c o n d e n s a tio n . However, when a m ix tu re  o f th e  two was re f lu x e d  

f o r  30m in s .,  on ly  v in y l polymer co u ld  be o b ta in e d  on rem oval o f  th e  

e x c e ss  k e to n e , and th e  r e a c t io n  was no t co n s id e re d  f u r th e r .

The two o th e r  mechanisms might seem more p la u s ib le .  These were 

t h a t  e i t h e r  a  base  c a ta ly s e d  M ichael co n d en sa tio n  w ith  abnorm al 

o r i e n t a t i o n  ta k e s  p la ce  o r  t h a t ,  fo llo w in g  th e  fo rm a tio n  o f  th e  

d im ethy lam ine enunine o f (3 ) ,  a lk y la t io n  o ccu rs  by th e  norm al enamine 

pathw ay. Y/hen p-dim ethylam inopropiophenone ( l )  was condensed w ith  

d ie th y l  m alonate by re f lu x in g  f o r  one hour a t 14-0°, a 42;o y i e l d  o f



p ro d u c t was o b ta in e d . T his was shown by g . l . c ,  a n a ly s is  to  c o n s is t  

e s s e n t i a l l y  o f  a  s in g le  component and f u r th e r  d i s t i l l a t i o n  y ie ld e d  

an  a n a l y t i c a l  sample which e x h ib ite d  th e  expected  s p e c t r a l  

c h a r a c t e r i s t i c s  o f P -b e n z o y le th y ld ie th y l m alonate ( l l ) .  The i n f r a 

re d  spectrum  showed a ry l  ketone a b s o rp tio n  a t  1695cm ^ and th e  s p l i t
( 29 ) i

c a rb o n y lv o f  th e  s u b s t i tu te d  m alonic e s t e r  a t  1757cm” and

1754cm S ince d ie th y l  m alonate i s  one o f th e  most f r e q u e n t ly

u sed  M ichael donors and, in  g e n e ra l,  y ie ld s  from M ichael r e a c t io n s  

in v o lv in g  i t  a re  com parable, i f  n o t g r e a te r ,  th an  f o r  th o se  w ith  

cy c lohexanone , th e  co m para tive ly  low y ie ld  o f p roduct o b ta in e d  i s  

s u r p r i s in g .  D ie th y l m alonate , o f c o u rse , cannot form an enamine 

and so o n ly  th e  base c a ta ly s e s  ro u te  i s  e f f e c t iv e  h e re , and i t  i s  

p resum ably  by t h i s  mechanism th a t  a lk y la t io n  ta k e s  p la c e . No 

in d i c a t io n  o f  th e  o r ie n ta t io n  o f  s u b s t i tu t io n  can be g lean ed  from  

t h i s  sym m etrica l case  and so th e  base c a ta ly se d  ro u te  was te s t e d  

on th e  2-m ethylcyclohexanone c a se .

A s im i la r  p ro d u c t d i s t r i b u t io n  to  th e  o r ig in a l  therm al 

c o n d e n sa tio n  would be env isaged  i f  phenyl v in y l k e to n e , an amine 

and 2 -m ethy lcyclohexanone , in  th r e e - f o ld  m olar e x c e ss , were re f lu x e d  

to g e th e r .  Any enamine fo rm a tio n , such as i s  re q u ire d  f o r  th e  

l a t t e r  mechanism, would be p rec luded  by th e  use of a t e r t i a r y  amine
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an d , a c c o rd in g ly ,  2 -m ethy lcyclohexanone, phenyl v in y l  k e to n e  and 

t r i e t h y l a n i n e  were re f lu x e d  f o r  30 m ins. The p ro d u c t w hich was 

o b ta in e d  in  50$  y i e ld  showed on g . l . c ,  a n a ly s is  a m ix tu re  o f  (4 )

& (8 ) i n  th e  p ro p o r t io n s .  12 :88$  r e s p e c t iv e ly .  On th e  b a s is  o f  

p re v io u s  base  c a ta ly s e d  co n d e n sa tio n s , t h i s  was as  ex p ec ted  and 

th e r e  i s  th u s  no com pelling  ev idence f o r  a base  c a ta ly s e d  r e a c t io n .

The r e a c t io n  was th e n  re p e a te d  u s in g  two d i f f e r e n t  secondary  

am ines , d ie th y lam in e  and p y r r o l id in e ,  b o th  o f w hich were c a p a b le  o f  

u n d erg o in g  th e  enamine r e a c t io n  r e q u ir e d  f o r  th e  l a t t e r  mechanism.

T h is  mechanism was o r ig in a l ly  su g g es ted  by House who had 

o b ta in e d ,  from  th e  th e rm a l co n d en sa tio n  o f  cyclopen tanone and 

l-d ie th y la m in o -b u ta n -3 -o n e  (1 2 ), a m ix tu re  o f  th e  d ik e to n e  (1 3 ) 

and  th e  t r ik e to n e  (1 4 ). He s ta t e d  th a t  (14 ) presum ably a ro se  

from  fo rm a tio n  o f  th e  d ie th y lam in e  enamine o f  th e  cyclopen tanone  i n ( l 2 )  

i n  th e  r e a c t io n  v e s s e l  and r e a c t io n  w ith  a  f u r th e r  m olecule o f  

m ethy l v in y l  k e to n e . However, on r e f lu x in g  d ie th y lam in e  w ith  

phen y l v in y l  ketone and 2-m ethylcyclohexanone i t  has been  found  t h a t  

4 2 $  o f  p ro d u c t i s  o b ta in e d  showing a 3 8 :62$  co m position  o f  (4 ) & (8 ) 

r e s p e c t iv e ly  by g . l . c .  a n a ly s is .  The p y r ro l id in e  r e a c t io n  

c a r r i e d  ou t in  th e  same way y ie ld e d  34$ o f  m a te r ia l  shown to  be 

(4 ) & (8 ) in  th e  p ro p o r tio n s  7 5 :25$. S ince n e i th e r  o f  th e s e  r e a c t io n s
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e x h i b i t s  th e  d eg ree  o f  s e l e c t i v i t y  found in  th e  th e rm a l r e a c t io n  

w ith  th e  H annich base  ( l ) ,  o r th a t  found l a t e r  w ith  (1 5 ) & (1 6 ) ,

(s e e  a l s o  l a t e r ) ,  th e  i n i t i a l  s te p  in  th e  m ech an is tic  sequence 

c a n n o t in v o lv e  th e  breakdown o f th e  hann ich  base  to  amine and v in y l  

k e to n e  b u t w ould seem to  in v o lv e  the" l^annich base in  i t s  e n t i r e t y .

The p ro d u c t d i s t r i b u t io n  in  th e  above r e a c t io n s  i s  n o t,  how ever, 

a s  m arkedly  in  fav o u r o f th e  2 , 2-p ro d u c t as  i s  norm ally  ex p ec ted  i n  

b a s e - c a ta ly s e d  c o n d e n sa tio n s . The 2 , 6- s u b s t i tu te d  p roduct 

p resum ab ly  a r i s e s  v ia  th e  fo rm atio n  o f th e  enamine o f 2-m eth y l

cyc lo h ex an o n e , fo llo w ed  by co n d en sa tio n  w ith  th e  phenyl v in y l  k e to n e . 

Thus th e  am ines a re  a c t in g  bo th  as b a se s  and n u c le o p h ile s .  The 

h ig h e r  p ro p o r tio n  o f 2 , 6-p ro d u c t found in  th e  p y r ro l id in e  case  i s  

a  m easure o f  th e  g r e a te r  ease o f  fo rm a tio n  o f enamines by t h i s  

seco n d ary  am ine.

The i n i t i a l  s te p  o f  th e  r e a c t io n  sequence, th e r e f o r e ,  in v o lv e s  

b o th  th e  k e to n e  and th e  Llannich base and th e  most re a so n a b le  

co m b in a tio n  o f  th e se  i s  ach iev ed  by a t ta c k  o f  th e  n it ro g e n  lo n e  

p a i r  on th e  ca rb o n y l group o f th e  ket'one to  g ive  th e  z w i t te r io n ic  

in te rm e d ia te  ( l ? ) .  I f  t h i s  i s  indeed  th e  c a se , th e n  th e  u se  o f  th e  

H arn ich  b a se  h y d ro ch lo rid e  in s te a d  o f th e  f r e e  Hannich b ase  sho u ld  

i n h i b i t  th e  r e a c t io n .  In  p r a c t ic e ,  when th e  h y d ro c h lo rid e  o f  ( l )
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was re f lu x e d  w ith  2—m ethylcyclohexanone no a lk y la te d  p ro d u c ts  

c o rre sp o n d in g  to  (4 ) o r ( 8 ) could  be i s o la te d .

I t  i s  en v isag ed  th a t  therm al decom position  o f th e  z w i t te r io n ic  

ad d u c t ( 17 ) th en  proceeds v ia  a s ix  membered t r a n s i t i o n  s t a t e ,

(17 ) - * ( 1 8 )  + (5) as shown, the  charges b e in g  n e u t r a l i s e d  a s  a 

r e s u l t .  C arb in o lam in es , such as th a t  (18) so form ed, a re  k n o w n ^  

to  be in te rm e d ia te s  in  enamine fo rm atio n  a lth o u g h  th e  d e t e c t i o n ^ ^  

o f  such s p e c ie s  by physico -chem ica l methods has n o t proved co m p le te ly  

s a t i s f a c t o r y ,  However, T r i e b s ^ ^  has shown the  in te rm ed iacy  o f  th e  

c a rb in o la m in e  ( 19) in  the  condensa tion  o f 2-ca rb e th o x y cy c lo p en tan o n e  

and benzy lam ine, This can be dehydrated  sm oothly by h e a t in g  in

benzene a t  70°C to  g ive th e  enamine (20 )• I t  seems re a so n a b le , 

t h e r e f o r e ,  to  assume th a t  the  carb ino lam ine (18) can d eh y d ra te  in  

a  s im i la r  fa s h io n  to  y ie ld  the  enamine ( 2 l ) .  The in te rm e d ia c y  o f  

an  enamine could  account f o r  the  observed p r e f e r e n t ia l  a lk y la t io n  

o f  cyclohexanone over 2-m ethylcyclohexanone s in ce  enam ines o f  th e  

fo rm er a re  more e a s i ly  p rep ared .

I f  an enamine i s ,  in  f a c t ,  an in te rm e d ia te  in  the  r e a c t io n  th en  

i t  shou ld  undergo therm al condensation  w ith  phenyl v in y l k e to n e  to  

g iv e  on h y d ro ly s is  a s im ila r  p roduct d i s t r i b u t io n  to  th e  o r ig in a l  

c o n d e n sa tio n . A m ix tu re  o f phenyl v in y l ketone ( 5) and th e  enamine

( 6 ) o f 2-raethylcyclohexanone was re f lu x e d  fo r  15 m ins. a f t e r  dropvn.se
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a d d i t io n  o f  th e  v in y l  ketone over 15 minso A m olar e q u iv a le n t o f  

w a te r  was added and a f t e r  f u r th e r  h e a tin g  f o r  5 m in s ., a 33$  y i e l d  

o f  p ro d u c t was o b ta in e d  on d i s t i l l a t i o n .  This showed th e  same 

p ro d u c t d i s t r i b u t i o n  as  th e  o r ig in a l  co n d en sa tio n  by g . l . c .  

a n a l y s i s .  The low y i e ld  i s  accoun ted  f o r  by p o ly m e ris a tio n  o f  

th e  v in y l  k e to n e  and decom position  o f  th e  enamine, th e  re a g e n ts  

n o t b e in g  l i b e r a t e d  under such advantageous c o n d itio n s  as  in  th e  

th e rm a l r e a c t io n .

I t  was a ls o  found th a t  when a m ix tu re  o f  phenyl v in y l  ke tone  

and  w a te r  was added to  th e  enamine as  in  th e  p rev io u s  r e a c t io n ,  a 

40$  y i e l d  o f  p ro d u c t was o b ta in ed  showing th e  same p ro d u c t 

c o m p o sitio n  by g . l . c .  a n a ly s i s .  Again th e  y ie ld  i s  low er due to  

th e  p o o r c o n d it io n s  employed b u t from th e  r e s u l t s  o f  th e se  tv/o 

ex p e rim en ts  i t  would seem rea so n ab le  to  su g g est th a t  a f t e r  

r e a c t io n  o f  th e  enamine w ith  th e  v in y l k e to n e , th e  mole o f  w a te r  

l i b e r a t e d  from  th e  carb ino lam ine  (18 ) s u f f ic e s  to  produce th e  d ik e to n e

(4 ) on h y d ro ly s is  o f  i t s  p reced in g  enam ine.

The need  f o r  a lo n e  p a i r  o f e le c tro n s  to  a c t  a s  a n u c le o p h ile  

h as  a l re a d y  been dem onstra ted  and th a t  on n itro g e n  in  Mannich 

b a se s  h as  been  shown to  be s u i ta b le .  The p o s s i o i l i t y  o f a
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s im i la r  r e a c t io n  u t i l i s i n g  th e  lone  p a i r  on oxygen as  an i n i t i a l  

s t e p ,  how ever, was not u n reaso n ab le , a h e m i-k e ta l type  o f  

in te rm e d ia te  oeing form ed, and i t  was d ec id ed  to  in v e s t ig a te  

t h i s  p o s s i b i l i t y  b e fo re  c la im in g  th e  un iqueness o f th e  enamine 

r o u te .  To t e s t  t h i s  |3 -acetoxypropiophenone (22) was p rep a red ^ 1 1  ̂

and  r e a c te d  under normal th e rm al c o n d itio n s  w ith  b o th  cyclohexanone 

and  2 -m ethy lcyc lohexanone . These r e a c t io n s  gave p roduct y ie ld s  

o f  If7 & 4 3 a - r e s p e c t iv e ly  which showed one s im ila r  m ajor component 

on g . l . c .  a n a ly s i s .  The m a te r ia l  was i s o la te d  by p r e p a ra t iv e  t . l . c .  

a s  a  w h ite  s o l i d , 0^.  This showed a  s in g le  ca rb o n y l 

a b s o rp t io n  a t  1687cm ^ in  th e  in f r a - r e d  and. i t s  m n.r.spectrum  

showed te n  a ro m atic  p ro to n s  between 2 .1  & 2.8'T, two v in y l p ro to n s  

4 .0 3 t  Sz 4 . 3 2 t  and fo u r  m ethylene p ro to n s  between 6 .8  Sz 7 « 3 ^  From 

t h i s  d a ta ,  t h i s  was assumed to  be a dimer o f  phenyl v in y l  ke to n e  

form ed by decom position  o f (2 2 ). On th e  b a s is  o f th e s e  f in d in g s  

i t  i s  p ro p o sed  th a t  th e  in te rm ed iacy  of th e  enamine i s  un ique and 

t h a t  th e  m e ch an is tic  cou rse  o f th e  r e a c t io n  to  t h i s  p o in t i s  as 

a l re a d y  d e te rm in ed .

Two e x p la n a tio n s  a re  p o s s ib le  f o r  th e  fo rm atio n  o f  th e  sm all 

am ounts o f  2 ,2 - s u c s t i tu te d  p roduct (8) en co u n tered  in  th e  th e rm a l 

c o n d e n sa tio n  w ith  2-m ethylcyclohexanone and ( l ) .  As has been



m entioned  p re v io u s ly , th e  s p e c i f i c i t y  o f enamine a lk y la t io n  i s  n o t ^ ^

as  g r e a t  as a t  f i r s t  t h o u g h t ^  and th e  5#  o f  ( 8 ) cou ld  be e x p la in e d

a s  a r i s i n g  from  the  o th e r  double bond isom er o f th e  enamine ( 23 ) ,

( 13)w hich has been shownv '  to  be p re s e n t to  th e  e x te n t  o f 40fo i n  

th e  e q u i lib r iu m . A nother p o s s ib le  e x p la n a tio n  i s  th a t  th e  

2 , 2- s u b s t i t u t e d  p roduct a r i s e s  from a sm all amount o f i n i t i a l  

th e rm al breakdown o f th e  Mannich base fo llo w ed  by base c a ta ly s e d  

co n d en sa tio n  o f th e  ketone and th e  v in y l k e to n e , th e  l i b e r a te d  amine 

s e rv in g  as condensing  ag en t.

One p o in t  which adds c o n s id e ra b le  w eight to  the  scheme p r e s e n t ly

( l )proposed  f o r  th e  r e a c t io n  course over t h a t  proposed by House' y i s  

th e  e f f ic ie n c y  o f  the  r e a c t io n .  I f  th e  scheme proposed by House, 

w ith  i n i t i a l  breakdown of the  Mannich base in to  v in y l ke tone  and 

dim ethy lam ine were to  o p e ra te ,  th e  e f f ic ie n c y  o f  enamine fo rm a tio n  

by th e  ex trem ely  v o la t i l e  amine must be o u ts ta n d in g . Y ie ld s  o f  

a t  l e a s t  95c/o o f p roduct have been o b ta in ed  in  th e  r e a c t io n  o f  

cyclohexanone w ith  ( l ) ,  th e  r e a c t io n  l i b e r a t i n g  a lm ost a l l  th e  

d im ethy lam ine and b e in g  com plete in  20 m ins. T his unusual 

e f f i c i e n c y  would seem b e s t  ex p la in ed  by a scheme such as t h a t  

p roposed  h e re  which does n o t l i t e r a t e  th e  dim ethylam ine in  gaseous 

form  u n t i l  a lk y la t io n  i s  com plete .
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The rem a in in g  s te p  in  the  r e a c t io n ,  th e  mechanism o f  th e

r e a c t io n  o f  th e  enamine w ith  the v in y l ketone i s  w orthy o f

some comment. In  h i s  com prehensive paper on enamine

a l k y l a t i o n ^ ^ , S to rk  re p re s e n ts  the enamine a lk y la t io n  o f

v in y l  k e to n e s  as  a  ty p ic a l  e l e c t r o p h i l i c  o le f in  type r e a c t io n

(2 4 ) ( 25) and, d e s p ite  conceding th a t  th e  r e a c t io n  m ight

be a  D ie ls -A ld e r  fo u r -c e n tre  ty p e , s t a t e s  th a t  Min  th e  absence

o f  f u r th e r  d a ta  ve see no reason  to  abandon the  u su a l enamine

a l k y la t i o n  mechanism” . By analogy w ith  th e  work o f L o n g l e y ^ ^

(15)on eno l e th e r s ,  O pitz  had proposed a d ihydropyran

in te rm e d ia te  f o r  th e  a d d itio n  o f aldehyde enamines to

a {3 -u n s a tu r a te d  aldehydes e .g .  ( 26) -«5> ( 27) and a s im ila r

mechanism has been in v o k e d ^ ^  fo r  th e  re a c t io n  of enamines

w ith  2 -c h lo ro v in y l k e to n es . C yclobutanes had a lso  been

p r o p o s e d ^ ^  as in te rm e d ia te s  by Flem ing and Harley-M ason in

th e  a d d i t io n  o f enamines to  c e r ta in  e le c t r o p h i l ic  o le f in s ;

(18 )
b u t ,  in  a  more re c e n t  paper, Flem ing , by ex ten s iv e  

s p e c tro s c o p ic  exam ination  of the  adauc ts  o f enamines and m ethyl 

v in y l  k e to n e , s ta t e s  th a t  the  f i r s t  formed product i s  a 

d ih y d ro p y ra n , The chem ical r e a c t io n s ,  however, in d ic a te  a 

read y  e q u ilib r iu m  between the d ihydropyran (28) w ith  the  c y c lo b u ty l 

compound ( 29 ) v ia  an immonium e n o la te  in te rm e d ia te .
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By an a lo g y  w ith  th e  work o f F le m in g ^ ^  on th e  adduct formed 

by th e  p y r r o l id in e  enamine of cyclohexanone and m ethyl v in y l  

k e to n e , th e  mechanism o f enamine a lk y la t io n  in  th e  therm al 

c o n d e n sa tio n  may be re p re se n te d  as in  Scheme A. S im ila r  

i n i t i a l  d ihyd ropy ran  fo rm ation  may be envisaged  from th e  

d im ethy lam ine enamine o f  2-m ethylcyclohexanone and phenyl v in y l 

k e to n e  to  g iv e  th e  i n i t i a l  adduct* Such sp ec ie s  a re  known to  

decompose even a t  room tem peratu re  to  g ive  the  enamine o f th e  

a l k y la te d  p ro d u c t as shown th e  in te rm ed iacy  o f  th e  z w i t te r io n ic  

s p e c ie s  b e in g  a p o s s i b i l i t y .  This on h y d ro ly s is  g iv e s  r i s e  to  

th e  1 ,5 -d ik e to n e  i s o la te d  from th e  co n d ensa tion . S ince th e  

th e rm a l r e a c t io n  i s  c a r r ie d  ou t a t  a  much h ig h e r tem pera tu re  

th a n  norm al enamine a lk y la t io n s ,  y e t  an o th e r p o s s ib le  ro u te  

may be c o n s id e re d , Scheme B. A fte r  i n i t i a l  fo rm ation  o f th e  

d ih y d ro p y ra n  as in  Scheme A, e lim in a tio n  o f th e  secondary 

am ine would y ie ld  an 'unstab le  pyran sp ec ie s  which, under th e  

r e a c t io n  c o n d it io n s ,  would be expected  to  b reak  down to  th e  

d ik e to n e  (4)*  W hether, in  view o f th e  m o b ility  o f th e

( i s )d ih y d ro p y ran  in te rm e d ia te  found by Flem ing such amine 

e l im in a t io n  i s  l i k e ly  i s ,  however, a m a tte r  01 some c o n je c tu re .
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Because ox th e  v igorous co n d itio n s  employed in  th e  r e a c t io n  and 

th e  i n s t a b i l i t y  o f the  proposed in te rm e d ia te s  bo th  under th e se  

c o n d i t io n s  and in  the p resence o f the  o th e r  r e a c ta n ts ,  i t  has 

n o t  proved p o s s ib le  to  i s o la te  any of th e se  to  su p p o rt the  

m e c h a n is tic  Scheme. In  th e  l i g h t  o f th e  a v a i la b le  ev idence 

and in  view  o f th e  con firm ato ry  r e s u l t s  found in  th e  a p p l ic a t io n  

o f  th e  therm al M ichael r e a c tio n  to  a range o f a c t iv e  m ethylene 

compounds, th e  m ech an is tic  sequence proposed would seem v a l id .

The r e a c t io n  has been ap p lied  to  a s e r ie s  o f Mannich b ases  

o f  th e  ty p e  (30) to  t e s t  the  e f f e c t  o f th e  secondary amine 

em ployed. The p y r ro lid in e  Mannich base ( l 6 ) ,  which was unknown, 

was p re p a re d  in  37^o y ie ld  by th e  condensation  o f acetophenone, 

p arafo rm aldehyde  and p y r ro lid in e  h y d ro ch lo rid e , The h y d ro c h lo r id e  

was o b ta in e d  as w hite p rism s, mpt 158-9°. The f r e e  base was 

condensed w ith  2 -methyl cyclohexanone by r e f lu x in g  fo r  h a l f  an 

h o u r a t  165° and th i s  y ie ld ed  on d i s t i l l a t i o n  6?$ o f p ro d u c t.

G . l . c .  a n a ly s is  showed th i s  to  have a s im ila r  p roduct d i s t r i b u t i o n  

to  th e  dim ethylam ino case .
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The d ie th y l  amino Mannich "base (15) was p repared  by th e  method

(1-9)o f  B lic k e  and was condensed under th e  above c o n d itio n s  w ith  

2 -m ethy lcyc lohexanone . Repeated co n d en sa tio n s , however, cou ld  

n o t  h o i s t  th e  y ie ld  o f d i s t i l l e d  product over 50cf°» G . l .c .  

a n a ly s i s  showed th e  same p ro p o rtio n s  o f 2 ,2  & 2 ,6 -p ro d u c ts  (4 )

& (8 )  b u t an enhanced p ro p o rtio n  o f th e  ex traneous (7)»

The m orpholino Mannich base (3 l)  was prepai’ed by th e  method 

o f  L i o n s ^ ^ .  The condensation  o f th i s  w ith  2-m ethylcyclohexanone 

gave , as th e  b e s t y ie ld ,  53/° of p ro d u c t, shown by g . l . c .  

a n a ly s i s  to  have a similar* co n p o s itio n  tp  th a t  o b ta in ed  from  th e  

d ie thy lam ino-M ann ich  b ase . A s im ila r  p roduct d i s t r i b u t io n  was 

o b se rv ed  in  th e  condensation  of 2-m ethylcyclohexanone w ith  th e  

p ip e rid in o -M a n n ic h  base ( 32) which had been prepared  by the  

method o f  M a n n ic h ^ ^ ,  the y ie ld  of d i s t i l l e d  p roduct in  t h i s  

c a se  b e in g  on ly  j j fo .

Some r e le v a n t  conclu sions as to  the  sy n th e tic  u se fu ln e s s  o f 

th e  r e s p e c t iv e  Mannich bases can be drawn from th e  r e s u l t s  

above. I t  appears th a t ,  o f the amines used , dim ethylam ine and 

p y r r o l id in e  a re  th e  most e f f i c i e n t .  Of th e se , dim ethylam ine 

i s  th e  more conven ien t in  p r a c t ic e ,  s in ce  i t  i s  alm ost com p le te ly
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e x tru d e d  from th e  r e a c t io n  v e sse l in  the course o f th e  r e a c t io n .

T h is  f a c t  has a lre a d y  been noted  by L io n s ^ ^ .  The b a s i c i t y

o f  th e  amine i s  o bv iously  o f no re lev an ce  s in ce  no c le a r

pattern cam be drawn Detween the product yield and basicity;

b u t o f  more im portance would appear to  be the r a te  o f enamine

fo rm a tio n  o f  th e  v a rio u s  am ines. No o v e ra l l  p ic tu re  i s

a v a i la b le  s in c e  the  p r a c t ic a l  methods used vary  bu t th e  known

sequences o f r a t e s  p y r ro lid in e  > m orpholine >  p i p e r i d i n e ^ ^

f 13)and d im ethy lam ine >  d ie thy lam ine a re  m irro red  in  the

p ro d u c t y i e ld s .  The r a te  c o n tro l l in g  s te p  in  enamine fo rm a tio n

( 2 2 )i s v th e  d eh y d ra tio n  o f the in te rm e d ia te  carb inolam ine and, 

i f  t h i s  i s  p a r a l le l e d  in  the  therm al Michael r e a c t io n ,  the  

y ie ld s  from  th e  v a rio u s  Mannich bases would be expected to  be as  

above. The most s u i ta b le  b ase , th e re fo re ,  would seem to  be 

th e  dim ethylam ino and th i s  has been the Mannich base o f 

ch o ice  in  th e  f u r th e r  exam ination of the  scope o f the r e a c t io n .

The th e rm al M ichael re a c tio n  has been ap p lied  to  a sh o r t  

s e r i e s  o f  {3 -ketoesters and has proved a su ccess fu l a lk y la t io n  

m ethod, s u b s t i tu t io n  ta k in g  p lace  on the more h ig h ly  

s u b s t i tu t e d  a lp h a  p o s it io n  to th e  k e to n ic  carbonyl g roap .
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The co n d e n sa tio n  o f  (3-dim ethyl amino- pro p i ophenone ( l )  and

a c e to a c e t i c  e s t e r  (33) y ie ld e d  6&fo o f a c le a r  o i l  which was

shown by g . l . c .  a n a ly s is  to  be g re a te r  than  90$ p u re . The

p ro d u c t gave a  p o s i t iv e  f e r r i c  c h lo rid e  t e s t  and was shown to

have a  p a re n t  io n  a t  / e  262 by gas chrom atograph/m ass

s p e c tro m e te r  a n a ly s i s .  I t s  in f r a - r e d  spectrum  showed carbony l

a b s o rp t io n s  a t  1692; 1720 & 1748cm  ̂ co rrespond ing  to  a r y l

k e to n e , m ethyl ketone and e s te r  r e s p e c t iv e ly  and th e  n .m .r .

sp ec tru m , w ith  a m ethyl ketone s ig n a l a t  7*73^ and e s te r  m ethyl

a t  8 .7 3 ^ i was a ls o  c o n s is te n t  w ith  the  expected p rod u c t (34 )•

The i d e n t i t y  o f  th e  p roduct was f u r th e r  confirm ed by com parison

w ith  a  sam ple p rep ared  by normal base c a ta ly se d  c o n d e n sa tio n ^ ^

o f  phenyl v in y l  ketone (5 ) and a c e to a c e tic  e s te r  in  e th a n o lic

p o ta ss iu m  h y d ro x id e . This was ob ta in ed  as w hite n e e d le s ,

mpt 111-2° from  benzene and showed id e n t ic a l  s p e c tra l  and g . l . c .

p r o p e r t i e s  to  th e  m a te r ia l p repared  v ia  the therm al ro u te .
( 23)

T h is  compound had a lre a d y  been p repared  by A bdullah by th e  

c o n d e n sa tio n  o f  ( l )  and (33) in  the  presence o f sodium e th o x id e  

and a  m e lt in g  p o in t o f 120° from eth an o l i s  quoted .



The co n d en sa tio n  o f  j3 -d im ethy lam inoprop iophenone(l) and 

2 -ca rbe thoxycyclohexanone  ( 35) proceeded in  70$  y ie ld  to  g iv e  

a  y e llo w  o i l  shown by g . l . c .  a n a ly s is  to  c o n s is t  o f  two compounds 

i n  th e  r a t i o  1:3* Combined gas chrom atograph/m ass sp e c tro m e te r  

a n a ly s i s  showed th e se  to  have m o lecu la r w eigh ts  244 & 302 

r e s p e c t iv e l y .  The form er was shown to  be 2 ( |3-benzoyl e t h y l ) -  

•cyclohexanone ( 7 ) by com parison o f th e  mass spectrum  breakdown 

p a t t e r n  and g . l . c .  r e te n t io n  tim e w ith  th o se  o f  an a u th e n t ic  

sam ple. S ince th e  p u r i ty  o f th e  s t a r t i n g  k e to  e s t e r  had been 

e s ta b l i s h e d  by g . l . c .  a n a ly s is ,  t h i s  p ro d u c t can on ly  have 

o c c u rre d  by d e c a rb e th o x y la tio n  o f  the  m ono-a lky la ted  p rod u c t 

( 36) d u r in g  th e  course  o f th e  r e a c t io n .  The compound o f 

m o le c u la r  w eigh t 302 , which was i s o la te d  in  a s l i g h t l y  impure 

s t a t e  by p re p a ra t iv e  t . l . c . ,  gave a n e g a tiv e  f e r r i c  c h lo r id e  

t e s t  and showed no bathochrom ic s h i f t  in  i t s  u .v .  spectrum  on 

th e  a d d i t io n  o f b a se . In  th e  l i g h t  o f t h i s  and a d d i t io n a l  

s p e c t r a l  d a ta ,  t h i s  was though t to  be th e  m ono-alky la ted  

p ro d u c t 2- (,Q -benzoy lethy l)- 2-  carbethoxycyclohexanone ( 56) .

T h is  was confirm ed by com parison w ith  an a n a ly t ic a l l y  pure 

sam ple o f  ( 36) p rep ared  in  68$  y ie ld  by th e  base c a ta ly s e d
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c o n d e n sa tio n  o f  phenyl v in y l ke tone and 2 -carb eth o x y cy clo h ex an o n e , 

T h is  m a te r ia l  showed id e n t ic a l  g . l . c .  and s p e c t r a l  p r o p e r t i e s  

to  th e  m a te r ia l  o b ta in ed  from  th e  therm al r e a c t io n  w ith  

ca rb o n y l a b s o rp tio n s  in  th e  in f r a - r e d  a t  1692;1716 & 1739cm"1 

co rre sp o n d in g  to  a ry l  k e to n e : cyclohexanone and e s t e r  r e s p e c t iv e ly

and th e  c h a r a c t e r i s t i c  e th y l e s t e r  s ig n a ls  in  th e  n .m .r ,  

spec trum .

A s im i la r  the rm al cond en sa tio n  was e f f e c te d  w ith  2- 

ca rb e thoxycyclopen tanone  (37) to  y ie ld  65$  o f a p a le  y e llow  

o i l  w hich showed two p ro d u c ts  by g . l . c .  a n a ly s is  in  th e  r a t i o  

1:4* Combined gas chrom atograph/m ass sp ec tro m ete r a n a ly s is  

o f  th e se  showed them to  have m o lecu la r w eigh ts 216 & 288, and, 

by ana logy  w ith  th e  p rev io u s  ex perim en t, th e se  were co n sid e re d  

to  be 2(P -b e n z o y le th y l)  cyclopen tanone ( 38) & 2 ((3 -benzoy le thy l)~  

2 -ca rb e th o x y cy c lo p en tan o n e  (39) r e s p e c t iv e ly .  The fo rm er was 

confirm ed  by com parison o f g . l . c .  r e te n t io n  tim es w ith  an 

a u th e n t ic  sample^ The l a t t e r ,  which had been i s o la te d

by p re p a ra t iv e  t . l . c .  was compared by com plete s p e c t r a l  and 

g . l . c .  a n a ly s is  w ith  an a n a ly t i c a l l y  pure specimen p re p a re d  in



66$ y ie ld  by base cata lysed  condensation o f phenyl v in y l 

ketone and 2-carbethoxycyclopentanone. This product gave a 

n eg a tiv e  fe r r ic  ch loride t e s t  and no bathochromic s h i f t  in  the  

u .v .  spectrum or the add ition  o f base. I t  shoved carbonyl 

absorption s a t 1690;1732 & 1744cm 1 in  the in fra -red  spectrum  

corresponding to aryl ketone, e s te r  and cyclopentanone 

r e s p e c t iv e ly  and had the expected n .m .r. spectrum.

I t  i s  noteworthy that in  a l l  these cases o f  a lk y la tio n  o f

p -k e to e s te r s , the s i t e  of attachment i s  the more h ig h ly

su b stitu ted  carbon atom. This i s  a t variance w ith the normal

(3 )o r ie n ta tio n  observed in  a lk y la tio n  o f enamines and w ith the  
f 25)

work o f  P e l l e t i e r '  '  who g iv e s  th e  s t r u c t u r e  ( 4 ) f o r  an  enam ine 

o f  t h i s  ty p e , w hich i s  found to  a l k y la te  on th e  l e s s  h ig h ly  

s u b s t i t u t e d  p o s i t i o n  w ith  m ethyl v in y l  k e to n e  to  y i e ld  (4 l)*

I t  i s  p o ss ib le  th at the combination o f the s t e r ic  bulk o f the  

p y rro lid in e  group and the conjugative e f f e c t  o f the benzene 

r i n g  are o f s ig n ifica n ce  in  th is  case. C erta in ly , the 

enam ines o f 2-carbethoxycyclohexanone w ith the le s s  s t e r ic a l ly

demanding ammonia^2^ ( 4 2 )  and cyclohexylam ine^2^ ( 4 3 )  hav°

shown to  be in  the fu l ly  conjugation p o s it io n . I n  a d d itio n , 

the dimethylamine enamine o f 2-carbethoxycyclopentanone (4 4 ) ,
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w hich i s  a  proposed  in te rm e d ia te  in  th e  co n d en sa tio n  in

( 28")q u e s t io n ,  has been a ss ig n ed  '  th e  f u l l y  co n ju g a ted  

s t r u c t u r e  on th e  b a s is  o f  i t s  u l t r a  v i o l e t  maximum a t  309ni |i

T h is  enamine ( 44 ) was p rep ared  by a  s l i g h t  m o d if ic a tio n  o f  

( 28 )th e  o r ig in a l  m ethod' } by b u b b lin g  a  s tream  o f d ry  

d im ethy lam ine gas th rough  a s t i r r e d  s o lu t io n  o f the  

{ 3 -k e to e s te r  w ith  th e  a d d i t io n  o f anhydrous po tassium  c a rb o n a te . 

The p ro d u c t o b ta in ed  gave a n e g a tiv e  f e r r i c  c h lo r id e  t e s t  and 

was th e re f o r e  f r e e  o f j3 -k e to e s te r . From i t s  u l t r a  v i o l e t  

a b s o rp tio n  a t  (£=10 , 500) and th e  absence o f a v in y l

p ro to n  in  th e  n .m .r .  spectrum , i t  would appear th a t  t h i s  i s ,  

i n  f a c t ,  th e  f u l l y  co n ju g a ted , bu t s t e r i c a l ' l y  le s s  fa v o u ra b le  

s t r u c t u r e  ( 4 4 ) j r a th e r  than  the  a l t e r n a t iv e  (45)*

When t h i s  enamine was a lk y la te d  w ith  phenyl v in y l ketone 

in  th e  norm al way, th e re  was o b ta in ed  a  59^  y ie ld  o f p rod u c t 

w hich was shown by g . l . c .  a n a ly s is  to  c o n ta in  th e  two p ro d u c ts  

( 58) & (39) o b ta in ed  in  th e  therm al r e a c t io n .  D esp ite  th e  

a p p a re n t ab n o rm a lity  o f th e  a lk y la t io n  o r ie n ta t io n  in  th e  case  

o f  (3 -k e to e s te rs , i t  would, th e re fo re ,  seem th a t  t h i s  i s  c o n s is te n t  

w ith  th e  in te rm ed iacy  o f an enamine in  th e  proposed m e c n a n is tic  

schem e.
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The co n d e n sa tio n  o f P -d inethy lam inoprop iophenone ( l )  w ith  an  

a l i p h a t i c  aldehyde o f s u i ta b le  v o l a t i l i t y ,  n -hexaldehyde (4 6 ) ,  

was s u c c e s s f u l ly  c a r r i e d  out in  77/5 y i e ld  by r e f lu x in g  f o r  1 hour 

a t  1 35°. T his h ig h  y i e ld  i s  once none c o n s is te n t  w ith  th e  

m e c h a n is tic  req u ire m en ts  p roposed  e a r l i e r .  The d i s t i l l e d  

p ro d u c t showed a s in g le  peak on g . l . c .  a n a ly s i s ;  and a ro m a tic  p ro to n s  

(5 x H, m u l t ip le t )  betw een 2 .0  & 3 » 0 t and an a ld eh y d ic  p ro to n  

a t  0 .4 ^  ( l  x H, d o u b le t, J= 2 ,p eps) in  th e  n .m .r .  spectrum .

—1I t s  i n f r a - r e d  spectrum  showed two ca rb o n y l peaks a t  1692 & 1728cm 

c o rre sp o n d in g  to  a r y l  ketone and aldehyde r e s p e c t iv e ly .  On 

s ta n d in g  o r  on a tte m p ts  to  induce c r y s t a l l i s a t i o n ,  th e  o i l  

s o l i d i f i e d  t o  g iv e  v-rhite f e a th e ry  n e e d le s , mpt 94° (60  -  80 p e t r o l ) .  

These a n a ly se d  f o r  Ch.- PL. 0 , and had a  d i f f e r e n t  r e te n t io n  tim e
SO  2U p

u n d er th e  above g . l . c .  c o n d itio n s .  R e-exam ination  o f  th e  i n f r a 

r e d  spectrum  showed th a t  t h i s  s o l id  m a te r ia l  had no 1728cm 1 

a b s o rp t io n  b u t had a 1707cm” '1' peak and a b ro ad  hydroxyl band 

from  3440 to  3600cm”'1'.  The n .m .r .  spectrum  showed no aldehyde 

p ro to n  b u t a low f i e l d  p ro to n  a t  - O . I t .  S ince th e  m a te r ia l  was 

a l s o  b a se  s o lu b le ,  i t  a p p e a rs  th a t  th e  c r y s t a l l i n e  p ro d u c t i s  

2 - ( (3~be n z o y le th y l ) cap ro ic  a c id  (47) produced by a i r  o x id a tio n  o f  

th e  i n i t i a l l y  form ed 2 (j3 -bens oyl e th y l)  hexaldehyde (4 8 )
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The e f f e c t  o f  a p a r a - s u b s t i tu e n t  in  th e  benzene r in g  o f  th e

Mannich b ase  has been  b r i e f l y  in v e s t ig a te d .  £ -d im e th y la n in o -p -

bronoacetophenone (49) was l i b e r a t e d  from i t s  h y d r o c h lo r id e ^ 0^

i n  th e  norm al way and condensed w ith  cyclohexanone by r e f lu x in g

a t  l6 0 °  f o r  30 m ins. A f te r  rem oval o f  th e  excess k e to n e , t h i s

y ie ld e d  81^ o f  a s o l id  p ro d u c t, mpt 68-9° (40 -  60 p e t r o l ) .

T h is  was shown by e lem en ta l a n a ly s is  and s p e c t r a l  d a ta  to  be

2 ( 3 !-p -o ro m o p h ery l~ 3 , ~oxopropyl) cyclohexanone (5 0 ). T his

—1showed ca rb o n y l a b so rp tio n  a t  I 69O & 1712cm co rresp o n d in g  to  

a r y l  k e to n e  and cyclohexanone in  th e  in f r a - r e d  and a c h a r a c t e r i s t i c  

B^ system  betw een 2 .0  & 2 .5  t ( J  = 9cps) in  a d d i t io n  to  th e  

e x p e c te d  m ethylene s ig n a ls  in  th e  n .m .r .  spectrum . The 

in t r o d u c t io n  o f  th e  p-bromo s u b s t i tu e n t ,  a lth o u g h  i t  has d ep re ssed  

th e  y i e l d  s l i g h t l y ,  s t i l l  c o n s t i tu te s  an e f f i c i e n t  a lk y la t io n  

m ethod.

The c o rre sp o n d in g  Mannich base  from p-m ethylacetophenor.e (51) 

was p r e p a r e d ^ 1 J and condensed w ith  2-m ethylcyclohexanone by 

r e f lu x in g  f o r  30 m ins. a t  165°. This y ie ld e d  71^ o f  p roduct shown 

by g . l . c .  a n a ly s i s  to  c o n s is t  o f fo u r  components co rresp o n d in g  to  

70 : 10 : 5 : & 100 o f t o t a l  p roduct r e s p e c t iv e ly .  The f i r s t
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th r e e  com ponents were i d e n t i f i e d  by th e  s e p a ra t io n  o f  sam ples by 

p r e p a r a t iv e  t . l . c .  and com parison o f s p e c t r a l  d a ta  and g . l .c *  

r e t e n t i o n  tim e s  v /ith  th o se  o f a u th e n tic  samples* These w ere shown 

t o  be 2 -m eth y l - 6 ( 3 , -p -* to ly l-3 ’-o x o p ro p y l) cyclohexanone (5 2 ); 

2{ 3 !~ P ~ to ly l~ 3 , -o x o p ro p y l) cyclohexanone (53) & 2 -m ethy l - 2 ( 3 ’- p -  

t o l y l - 3 f-o x o p ro p y l)  cyclohexanone (54) re s p e c tiv e ly *

The f i r s t  o f  th e se  was p rep a red  by th e  co n d en sa tio n  o f  th e

( i )p y r r o l id in e  enamine o f  2-m ethylcyclohexanone {&) w ith  p - t o l y l  

v in y l  k e to n e  { 3 3 ) } p rep a red  by steam  d i s t i l l a t i o n  o f  th e  

h y d ro c h lo r id e  o f  th e  Llannich base  ( 5 l ) .  This y ie ld e d  68% o f  a  p a le  

y e llo w  o i l  w hich on re  d i s t i l l  a t io n  s o l i d i f i e d  to  g ive w h ite  

c r y s t a l s ,  mpt 68-5° (40 -  60 p e tro l )*  T his showed a s in g le  peak 

by  g . l . c .  a n a ly s is  under th e  above c o n d itio n s*  The in f r a - r e d  

sp ec trum  showed ca rb o n y l a b so rp tio n  a t  1688 & 1712cm ^ c o rre sp o n d in g  

to  a r y l  k e to n e  and cyclohexanone and th e  n .m .r .  spectrum  showed 

m ethy l re so n a n c e s  a t  7 . 6 5 T (3 x K, s in g l e t )  f o r  th e  a ro m a tic  and 

9 .0 7  t  (3 x  H, d o u b le t,  J  = 6cps) f o r  th e  C -  2 m ethy l.

The second compound (53) was p rep a red  by th e  therm al, c o n d e n sa tio n  

o f  j3 -  dime t  hylam ino-p-m e th y lp r  opio phe none (51) and cyclohexanone by 

r e f lu x in g  f o r  30 m ins. a t  165° and was o b ta in e d  on d i s t i l l a t i o n  in
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82% y i e l d  a s  a w h ite  s o l id ,  nipt 78 -  7 8 .5 °  (40 -  60 p e t ro l /b e n z e n e ) .  

T h is  m a te r ia l  had a s im i la r  r e te n t io n  tim e under th e  above c o n d itio n s*  

The i n f r a - r e d  spectrum  showed ca rb o n y l a b so rp tio n s  a t  1686 & 1711cm”1 

f o r  a r y l  k e to n e  and cyclohexanone and th e  n .m .r . spectrum  was s im i la r  

t o  t h a t  o f  (5 2 ) w ith  th e  absence o f th e  m ethyl d o u b le t.

The t h i r d  (54) was p rep a red  by th e  co n d en sa tio n  o f  p - to l y l  v in y l  

k e to n e  (55) and- 2-m ethylcyclohexanone in  th e  p resence o f e th a n o lic  

p o ta ss iu m  h y d ro x id e . T his was o b ta in e d  in  $2% y i e ld  as an o i l  

w hich showed a  s in g le  peak'- by g . l . c .  a n a ly s i s .  I t  showed 

c a rb o n y l a b s o rp tio n s  a t  1689 & 1710cm 1 in  th e  in f r a - r e d  co rre sp o n d in g  

to  a r y l  k e to n e  .and cyclohexanone b u t had a s in g le t  m ethyl 

re so n a n c e  a t  8 .8 9 T  in  th e  n .m .r . spectrum .

The f i n a l  p ro d u c t co u ld  be o b ta in e d  as  w h ite  n e e d le s , mpt 89 -  90° 

"by c r y s t a l l i s a t i o n  from  th e  crude d i s t i l l a t i o n  p roduct w ith  e th a n o l.  

T h is  had  e le m e n ta l com position  C2Q H Q 0 , showed, a s in g le  ca rb o n y l 

a b s o rp t io n  a t  1686cm”1 in  th e  in f r a - r e d  spectrum  and had a  p a re n t io n  

a t  m/ e  292 i n . t h e  mass spectrum . The n .m .r .  spectrum  showed 

a ro m a tic  p ro to n s  (* 8 x H ) betw een 2 .1  & 2.9^5 arom atic  m ethy ls  

(6 x  H, s in g le t )  a t  7 .6 2 t ;  v in y l  p ro to n s  (2 x H) a t  4 .1 5  & 4.45T&
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m ethylene p ro to n s  (4  x H, m u l t ip le t )  between 6 .8  & 7 .3 t .

From th e  a v a i la b le  d a ta , t h i s  was presumed to  be a  d im er o f  

p - t o l y l  v in y l  k e to n e . Double . i r r a d ia t io n  experim en ts in  th e  

n .m .r .  spectrum  f a i l e d  to  produce ■any s im p l i f ic a t io n  o f  th e  

v in y l  re g io n  in d ic a t in g  th a t  two s e p a ra te  types o f v in y l 

p ro to n  were p r e s e n t .  This favou red  th e  s t r u c tu r e  ( 56) 

f o r  th e  d im er and t h i s  was confirm ed by th e  p ro d u c tio n  o f a  

m ethyl reso n an ce  a t  8 .8 6 t  in  th e  n .m .r .  spectrum  on 

h y d ro g e n a tio n  o f  th e  p roduct on 5^  p a lla d iu ra /c h a rc o a l in  

e th y l  a c e t a t e .  None o f the  o th e r  p o s s ib le  com binations 

would have produced th i s  s ig n a l .

A proposed  m ech an is tic  ro u te  to  th i s  p ro d u c t i s  shown in

Scheme C. The i n i t i a l  D ie ls -A ld e r r e a c t io n  o f a{3-unsaturated
( 32)

ca rb o n y l compounds a c t in g  as d ienes- i s  v /ell known and th e

p ro d u c tio n  o f  th e  p roduct in  th i s  fa sh io n  would seem re a s o n a b le .

The s t r u c tu r e  o f th i s  p roduct i s  o f i n t e r e s t  in  view o f o th e r

r e s u l t s  on th e  d im e r is a tio n  o f v in y l ke tones produced from

M annich b a se s . M a n n ic h ^ ^  o b ta in ed  th e  sym m etrica lly  s u b s t i tu t e d

p ro d u c t (57 ) from the  p y ro ly s is  o f th e  dim ethylam ino M annich

( 54-)b ase  o f  cyclohexanone ( 58) .  R othw ^ ' ,  however, o b ta in ed  th e
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M annich base  o f cyclohexanone (6 0 ) , a p rod u c t which would y ie ld  

an  a l t e r n a t i v e  s tru c tu re *  In  a d d i t io n ,  the  l a t t e r  a u th o r  

in d ic a te d  a  s im i la r  p rod u c t from th e  cyclohep tanone Mannich 

base  ( 6l ) ^ * ^  and from the  cyclopentanone analogue ( 62) ^ ^  

o b ta in e d  th e  l i n e a r  dim er ( 65)* The d im e r is a tio n  o f phenyl 

v in y l  k e to n e  has been shown by A lder to  g iv e  th e  d ihyd ro p y ran

( 64 ) .  T h is i s  c o n tra ry  to  th e  expected  D ie ls -A ld e r p ro d u c t

( 65) on th e  b a s is  o f bond p o la r i ty  and would a lso  f a i l  to  

g iv e  a  s t r u c tu r e  c o n s is te n t  w ith  ( 56)*

From th e  r e s u l t s  o b ta in ed  in  th e  a p p l ic a t io n  o f th e  therm al 

r e a c t io n  w ith  c y c l ic  k e tones  to  d a te ,  i t  would appear th a t  t h i s  

may be used  w ith  c o n s id e ra b le  su c c e ss . However, in  th e  n e x t 

th r e e  exam ples th e re  i s  ev idence th a t  th e  p o te n t ia l  o f  th e  

r e a c t io n  i s  n o t as w idespread as the e a r l i e r  f in d in g s  m ight 

le a d  one to  hope.

F o llo w in g  th e  su c c e s s fu l condensa tion  o f j3-dim ethylam ino- 

prop iophenone ( l )  w ith  2-m ethylcyclopentanone^  ̂ and 2-m ethy l— 

cyclohexanone, th e  r e a c t io n  was extended to  th e  homologue,

2 -m ethy lcyc lohep tanone  (6 6 ); b u t ,d e s p i te  re p e a te d  a t te m p ts ,  

no y ie ld  g r e a te r  than  30^  o f crude p roduct has been o b ta in e d
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from  t h i s  co n d en sa tio n . This makes poor com parison w ith  

y i e ld s  o f  around 75/^ o b ta in a b le  w ith  th e  f iv e  & six-m em bered 

r i n g  c a s e s .  A r e f lu x  tim e o f  45 m ins. a t  170° f o r  ( l )  & (66) 

y ie ld e d  o f  p ro d u c t. G .l .c .  a n a ly s is  o f t h i s  showed th e  

p re se n c e  o f  fo u r  components, acc o u n tin g  f o r  30 1 15 i 5 & 50% 

o f  t o t a l  p ro d u c t r e s p e c t iv e ly .  A ttem pts to  se p a ra te  

a n a l y t i c a l l y  pu re  sam ples o f th e se  by p re p a ra t iv e  t . l . c .  were 

u n s u c c e s s fu l and reco u rse  was made to  gas chrom atograph/m ass 

sp e c tro m e te r  a n a ly s i s .  This showed th e  fo u r  components to  

have m o le c u la r  w eights 540; 258; 258 & 264 r e s p e c t iv e ly .

From exam ination  of the  mass spectrum  of th e  f i r s t  and 

com parison  o f  t h i s  and g . l . c .  r e te n t io n  tim es w ith  an a u th e n t ic  

sam ple, t h i s  was found to  co rrespond  to  2 (p -b e n z o y le th y l)  c y c lo -  

hexanone ( 7 ) .  The o r ig in a l  2-m ethylcycloheptanone had been 

p re p a re d  by tre a tm e n t of cyclohexanone w ith  d iazo e th an e  and 

a l th o u g h  a  g . l . c .  a n a ly s is  o f the  p ro d u c t o f th i s  r e a c t io n  

had shown i t  to  be g r e a te r  th an  95?£ p u re , t h i s  must acco u n t f o r  

th e  o ccu rren c e  o f (7 ) in  the  p ro d u c ts . The f a c t  th a t  such a 

m inor im p u rity  can appear as a  v ia b le  p roduct i s  a  s t r i k i n g  

exam ple o f th e  r e l a t i v e  r e a c t i v i t i e s  o f 2 -m ethy lcyclohep tanone 

and cyclohexanone under the  re a c t io n  c o n d itio n s .
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The second and th i r d  p ro d u c ts  have the  expected  m o lecu la r 

w e ig h ts  f o r  m ono-alky la ted  p ro d u c ts  and a re  presum ably 2 -m ethy l-7  

( P -b e n z o y le th y l)  cycloheptanone ( 67) & 2 -m eth y l-2 -([3 -b en zo y le th y l)  

cy c lo h ep tan o n e  (6 8 ) . Although no d e f in i te  assignm ent o f which 

i s  w hich can be made, in  a l l  o th e r  r e a c t io n s  in v o lv in g  

unsym m etrica l a l i c y c l i c  k e to n es , th e  le s s  h ig h ly  s u b s t i tu te d  

p ro d u c t has been formed in  excess and has had th e  s h o r te r  r e t e n t io n  

tim e by g . l . c .  a n a ly s is  on QF 1 : APL & SE30 columns. I t  m igh t, 

th e r e f o r e ,  be rea so n ab le  to  assume th a t  th e se  a re  ( 67) & (68) 

r e s p e c t iv e ly .

The f i n a l  p ro d u c t, by a s im ila r  in v e s t ig a t io n  o f g . l . c .  

p r o p e r t i e s  and mass s p e c tra  to  th a t  employed w ith  th e  f i r s t ,  

would ap p ea r to  be th e  d im erised  phenyl v in y l ketone (75) 

i s o l a t e d  e a r l e r .  This p ro d u c t, as w i l l  become a p p a re n t, i s  a 

f e a tu r e  o f  the  r e a c t io n  p ro d u c ts  w herever th e  a c t iv e  m ethylene 

compound inv o lv ed  in  the  condensation  i s  e i t h e r  r e l a t i v e l y  

u n re a c t iv e  o r  forms an enamine w ith  d i f f i c u l t y .

The the rm al condensation  i s  th e re fo re  n o t a p p lic a b le  as a 

s y n th e t ic  ro u te  from 2-m ethy lcyclohep tanone. This m ight have 

been  a n t ic ip a te d  s in ce  the  enamine of 2 -n e thy lcyc!onep tanone  i s  

n o t  r e p o r te d  in  th e  l i t e r a t u r e  and c u rre n t a ttem p ts  to  form i t  

have proved u n su c c e ss fu l.
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A u s e f u l  and r e a d i ly  a c c e s s ib le  s t a r t i n g  m a te r ia l  f o r

p o t e n t i a l  s y n th e t ic  ro u te s  to  te rp en o id  s t r u c tu r e s ,  in  view o f

i t s  b u i l t - i n  iso p ro p y l group, would be menthone ( 69) .  In  l i n e

w ith  th e  g e n e ra l o r ie n ta t io n  o f the  therm al condensa tion  th i s

would be ex p ec ted  to  a lk y la te  on the u n s u b s t i tu te d  carbon atom ,

a  to  th e  carbony l group. Condensation of menthone and

{3-dim ethylam inopropiophenone ( l )  by r e f lu x in g  a t  200° f o r  30 m ins.

y ie ld e d  Jlfo o f  p rod u c t b o i l in g  a t  l 60- 5o/ 0 ‘ 5mm. G . l .c .  a n a ly s i s

showed th e  p resen ce  o f one m ajor component. T his was o b ta in e d

a s  a  c r y s t a l l i n e  s o l id  mpt. 128° (b e n z e n e /p e tro l)  by p re p a ra t iv e

t . l . c .  and was shown by mixed m e ltin g  p o in t and g . l . c .  com parison

to  be d im erised  phenyl v in y l ketone (75) • Thus v i r t u a l l y  no

c o n d e n sa tio n  on menthone has taken  p la c e , a f a c t  in  agreem ent

( 58)w ith  th e  re lu c ta n c e ^  o f menthone to  undergo enamine fo rm a tio n  

due to  th e  s t e r i c  in h ib i t io n  o f the  neighbouring  iso p ro p y l 

f u n c t io n .

Y et a n o th e r  a l i c y c l i c  ketone which, on th e  b a s is  o f  th e  

ob se rv ed  r e a c t i v i t y  e f f e c t s ,  m ight be expected  to  g ive a  poor 

y i e ld  o f  p ro d u c t i s  2 , 6-dim ethylcyclohexanone ( 70) .  Here a g a in  

th e  s t e r i c  e f f e c t  o f the  two methyl groups in h ib i t s  enamine 

fo rm a tio n  and when th i s  was condensed w ith  ^ -d im ethy l amino-  

p rop iophenone ( l ) ,  the  b e s t o b ta in a b le  y ie ld  was 4Ofo, G . l .c .
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a n a ly s i s  showeo. th i s  m a te r ia l to  c o n s is t  o f two components# 

A ttem p ts to  s e p a ra te  th e se  by p re p a ra tiv e  t . l . c .  were un

s u c c e s s fu l  b u t gas chromatograph/mass sp ec tro m ete r a n a ly s is  

o f  th e  m ix tu re  showed them to  have m olecu lar w eights 258 &

264 r e s p e c t iv e l y .  The l a t t e r  was shown by g . l . c .  d a ta  and mass 

s p e c t r a l  breakdown p a t te rn  to  be id e n t ic a l  w ith  the phenyl v in y l 

k e to n e  dim er (75) • The o th e r  was presumed to  be th e  expec ted  

a l k y l a t i o n  p ro d u c t ( 71) from i t s  m olecu lar w eight and g e n e ra l 

breakdown p a t t e r n .  However, a l l  f a r th e r  a ttem p ts  to  i s o l a t e  a 

p u re  sample o f t h i s  f o r  a n a ly t ic a l  purposes proved u n s u c c e s s fu l.  

T h is  may have a r is e n  e i th e r  v ia  the enamine o r more l i k e ly  

by base  c a ta ly s e d  M ichael condensation  fo llo w in g  the therm al 

d eco m p o sitio n  o f the  Mannich b ase .

( 39)A lthough enam ines o f a l ip h a t i c  ketones a re  known to  form 

l e s s  r e a d i ly  th an  those  of fav o u rab le  a l i c y c l i c  k e to n es , 

m ethy l n—amyl ketone ( 72) was a lk y la te d  w ith  |3-dimethylamino~ 

p rop iophenone  ( l ) »  These were re f lu x e d  fo r  2 hours a t  150° 

and  on d i s t i l l a t i o n  a 57/^ y ie ld  was o b ta in e d . This showed on 

g . l . c .  a n a ly s i s  one m ajor and two minor components com prising  

10 : 85 & 5fo o f  the  t o t a l  p ro d u c t. The l a s t  was i d e n t i f i e d
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by  &»l«c* r e t e n t io n  tim e w ith  an a u th e n tic  sample o f th e  phenyl 

v in y l  k e to n e  d im er. The f i r s t  twoj which could n o t be 

s e p a ra te d  in  pure form , both showed a p a ren t ion  a t  m/ e  246 

by gas  chrom atograph/m ass spec trom eter a n a ly s is .  The fo rm er 

showed th e  c h a r a c t e r i s t i c  / e  J1 & 147 peaks expected  from 

th e  s t r u c t u r e  ( 74 ) from f ra g m e n ta t io n ^ 0  ̂ on e i th e r  s id e  o f 

th e  a l i p h a t i c  carbonyl group. These peaks were ab sen t in  the  

fo rm e r compound which shov/ed in s te a d  the peak a t  m/ e  203 exp ec ted  

from  th e  iso m e ric  ( 75) by a s im ila r  frag m en ta tio n  p ro ced u re .

The y i e ld  in  t h i s  case , a lthough  low er than  in  the a l i c y c l i c  

c a s e s ,  i s  to l e r a b le  and i s  in  the  reg io n  expected on the  b a s is  

o f  ea se  o f  enamine fo rm atio n .

S in ce  th e  therm al re a c tio n  of Mannich bases w ith  s a tu ra te d  

a l i c y c l i c  k e to n es  had proved, in  most cases where enamine 

fo rm a tio n  i s  fav o u red , a s u i ta b le  condensation  method, i t  was decided  to  

e x te n d  t h i s  to  a s e r ie s  o f cxp-unsaturated k e to n es. The fo rm atio n  

o f  d ienam ines from such sp e c ie s  i s  know n^  ̂ and, on the  b a s is  

o f  p re v io u s  f in d in g s ,  a m oderate y ie ld  o f a lk y la te d  p roduct m ight 

be p r e d ic te d .  An in t e r e s t in g  f e a tu re  o f such a re a c tio n  i s  th a t  

th e  a P -u n s a tu ra te d  ketone i s  a c t in g , in  e f f e c t ,  as a donor in  th e  

M ichael r e a c t io n .  Although the p a r t i c ip a t io n  o fa |3 -en o n e s  as
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donors i s  known \  th e re  a re  r e la t iv e ly  few examples c o n s id e r in g  

th e  a v a i l a b i l i t y  o f the  r e q u is i te  enones and the  u b iq u ito u s  n a tu re  

o f  th e  M ichael r e a c t io n  in  s y n th e tic  o rg an ic  chem istry .

The th e rm a l condensation  o f m esity l oxide (76) and 

P-dim ethylam inopropiophenone y ie ld e d  69/£ o f p ro d u c t, which 

was shown by g . l . c .  a n a ly s is  to  c o n s is t  of one m ajor component.

Gas chrom atograph/m ass spec trom eter a n a ly s is  showed th i s  to  have 

th e  e x p ec ted  m o lecu la r w eight f o r  a m ono-alkylated  p ro d u c t, 

w ith  p a re n t  io n  a t  n/ e  230. The base peak was a t  m/ e  83 , caused  

by a - c l e a v a g e o f  the  ketone fu n c tio n  as shown in  (7 7 ) . Thus 

a lk y la t i o n  has taken  p lace  to  g ive a p roduct s u b s t i tu te d  on th e  

s id e  o f  th e  carbonyl group o p p o site  the  double bond. T his was 

con firm ed  by th e  n .m .r . spectrum  o f a s o l id  sample, o b ta in ed  

by p r e p a r a t iv e  t . l . c . ,  which showed a v in y l p ro ton  a t  3*84 in  

a d d i t io n  to  on ly  two s in g le t  methyl s ig n a ls  a t  7*86 & 8 .15t*

S ince  c |3 -u n sa tu ra te d  ketones a re  known to  a lk y la te  on th e  &- p o s i t io n  

o f  th e  enone system , both by base c a t a l y s i s ^ ^  and v ia  an enamine 

i n t e r m e d i a t e ^ 1^ ,  t h i s  p roduct was unexpected. However, a more 

r e c e n t  i n v e s t i g a t i o n ^ ^  o f the  behaviour o f the p y r ro lid in e  and 

m orpho line  enamines o f isophorone (73) on a lk y la t io n  w ith  M ichael 

a c c e p to rs  has in d ic a te d  a more complex p a t te rn .
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In  an a tte m p t to  in v e s t ig a te  the g e n e ra l i ty  of t h i s  s u b s t i tu t io n ,  

th e  co n d en sa tio n  was ap p lie d  to  a s im ila r ly  s u b s t i tu te d  a l i c y c l i c  

a(3 -e n o n e , isopho rone  ( 78) .  Condensation of t h i s  w ith  

P -d im ethylam inopropiophenone was e f fe c te d  by a 1 hour r e f lu x  a t  

200° and gave a  'JVp y ie ld  o f p roduct. T r i tu r a t io n  o f  th e  

d i s t i l l a t e  w ith  e th e r  gave a c r y s ta l l in e  m a te r ia l ,  m.pt* 183°j 

a c c o u n tin g  f o r  35-40 'fooT the  t o t a l .  This showed carbonyl 

a b s o rp t io n  a t  1688 & 1733CIQ  ̂ i n ‘the in f r a - r e d  spectrum  and on ly  

ace tophenone a b so rp tio n  in  the  u'.v* spectrum . The n .m .r . 

sp ec trum  showed th re e  s in g le t  methyl reconances a t  8 .7 2 : 8 . 9I & 

9 .0 1 t  and a sh arp  t r i p l e t  a t  6 .1 7 T (J = 8 .8 c p s ) , in te g r a t in g  f o r  

a  s in g le  p ro to n , bu t no v in y l s ig n a l .  In  a d d itio n , th e  compound 

had th e  com position  H2Q 0^ by elem en tal a n a ly s is  and showed 

a  co rre sp o n d in g  p a re n t ion  a t  m/ e  284 in  i t s  mass spectrum .

On th e  b a s is  o f th e se  d a ta , a c o n s is te n t  s tru c tu re  could n o t be 

fo rm u la te d  and, in  p a r t i c u la r ,  the presence o f the e x t ra  oxygen 

atom and th e  low f i e l d  t r i p l e t  in  the  n .m .r . spectrum  could  n o t 

be e x p la in e d .

An an a lag o u s p ro d u c t, C^g 0^ Br, was ob ta in ed  by the  

r e a c t io n  o f  isophorone w ith  p-dim ethylam ino-p-bronopropiophenone 

(4 9 ) ,  w hich gave a 60}o y ie ld  of d i s t i l l e d  product o f whicn the  

compound i s o la te d  comprised 35%  This showed s im ila r  sp e c tro sc o p ic
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f e a t u r e s  to  th e  non -b rom inated  m a te r ia l ,  w ith  carbony l a b s o rp tio n  

a t  1735 & 1684cm ^ in  th e  in f r a - r e d  spectrum , b u t w ith  th e  

a ro m a tic  p ro to n s  a p p e a r in g  as an Â  q u a r te t  in  th e  n .m .r .

spec trum .

An X -ray  s t r u c t u r a l  a n a ly s i s  o f t h i s  m a te r ia l  has  been u n d er

ta k en  by D rs. A.F.Cameron and G .Ferguson (See appendix) and 

. i t s  s t r u c t u r e  has been shown to  be th e  b ic y c l ic  t r ik e to n e  (7 9 )•

The non-b rom inated  m a te r ia l  may th e n  be a s c r ib e d  th e  co rre sp o n d in g  

s t r u c t u r e  (8 0 ) .  Even w ith  th i s  know ledge, th e  lo w - f ie ld  

t r i p l e t  in  th e  n .m .r .  spectrum  may n o t be c o n f id e n tly  a s s ig n e d . 

However, on tre a tm e n t o f a sample o f  (80) in  d ioxan  w ith  sodium 

d e u te ro x id e , th e  t r i p l e t  d isa p p e a re d . The s ig n a l  i s ,  th e r e f o r e ,  

due to  th e  e n o l is a b le  C-2 p ro to n , which i s  s tro n g ly  d e sh ie ld e d  

by a  c o n fo rm a tio n a lly  f ro z e n  a ro y l g roup . S ince th e  a ro m a tic  

p ro to n s  in  (79) ap p ea r as a sym m etrica l Pl q u a r te t ,  th e  a ro m a tic  

r i n g  i s  f r e e  to  r o t a t e  abou t th e  Fh -  CO bond, b u t a  s tu d y  o f  

m o le c u la r  models confirm s th a t  non-bonded in te r a c t io n s  s e v e re ly  

l i m i t  r o t a t i o n  abou t th e  CO —- C-2 bond and th e  C-2 p ro to n  i s  

p erm anen tly  in  th e  d e s h ie ld in g  zones o f  th e  ca ro o n y l group and 

th e  a ro m a tic  r in g .
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The ap p ea ran ce  o f  th e  e x t r a  carb o n y l group must be a t t r i b u t e d  

to  p e ro x id e  o r  h y d ro p ero x id e  p re s e n t  in  th e  isop h o ro n e  em ployed, 

and c o ~ d i s t i l l i n g  w ith  i t ,  s in c e  t e s t s  f o r  p e ro x id e  on th e  

s t a r t i n g  k e to n e  l a t e r  proved p o s i t i v e .  Such base  c a ta ly s e d  

co n v e rs io n  o f  h y d ro p ero x id e s  i s  w e ll a u t h e n t i c a t e d ^ ^  and th e  

p ro d u c tio n  o f  (80 ) p resum ab ly  o ccu rs  v ia  th e  ro u te  (31) —

(8 2 ) —> ( 83 ) —«> (8 0 ) .  The e x a c t p o s i t io n  o f h yd roperox ide  

d eco m p o sitio n  in  th e  sequence has n o t been e lu c id a te d .

In  a d d i t io n  to  t h i s  p ro d u c t, two o th e r  s ig n i f i c a n t  p ro d u c ts  

were o b se rv ed . The f i r s t ,  which was n o t i s o la t e d ,  was p re s e n t  

in  15- 20L/o in  g . l . c .  a n a ly s i s  and was shown to  co rrespond  to  th e  

m o n o -a lk y la ted  p ro d u c t ( 84 ) i s o l a t e d  l a t e r .  The o th e r ,  p r e s e n t  

in  35& was i s o la t e d  in  an im pure s t a t e  by p re p a ra t iv e  t . l . c .  

T h is  showed a v in y l  p ro to n  a t  4*18<k& "two m ethyl s ig n a ls  a t  

7 .88  T (3  x H, s in g l e t )  & 9*01 T (6 x H, s in g le t )  in  th e  n .m .r .  

spec tru m . T h is  su g g es ted  th e  s t r u c tu r e  ( 85 ) f o r  th e  p ro d u c t 

and t h i s  was confirm ed by com parison w ith  an a n a ly t ic a l  sample 

i s o l a t e d  from  th e  c o n d en sa tio n  o f  th e  enamine (86) w ith  phenyl 

v in y l  k e to n e .
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S ince  th e  o r i e n t a t i o n  o f  a lk y la t io n  was d i f f e r e n t  from  th a t  

w hich would be ex p ec ted  by a lk y la t io n  o f  d ienam ines, th e  

m orpholine d ienaraine o f  iso p h o ro n e  (86) was prepared^"*"8^ and 

a lk y la te d  w ith  pheny l v in y l  k e to n e  by th e  norm al m ethod.

T h is  gave on d i s t i l l a t i o n  a  6°Ffo y ie ld  o f  p ro d u c t which showed 

on g . l . c .  a n a ly s i s  fo u r  com ponents p r e p a ra t iv e  t . l . c .  en ab led  

th e  s e p a ra t io n  o f  th re e  f r a c t i o n s .  The f i r s t  and m ajo r, 

a c c o u n tin g  f o r  around JOfo o f  th e  t o t a l ,  c o n ta in ed  two peaks by 

g . l . c .  a n a ly s i s  b u t from  th e  s p e c t r a l  d a ta  and th e  s o l id  n a tu re  

o f  th e  p ro d u c t, th e  e x is te n c e  o f two d i s t i n c t  compounds i s  n o t 

co n firm ed . T h is  showed two ca rb o n y l peaks in  the  in f r a - r e d  

spectrum  a t  I 665 & 1689cm"’"*' and a lo n g  w ith  th e  absence o f a 

v in y l  p ro to n  in  th e  n .m .r .  spectrum  showed m ethyl s ig n a ls  a t  

9 * 0 2 t ( 6  x H, s in g l e t )  and 7*78 t ( 3  x  H, s i n g l e t ) .  T h is  would 

ap p ea r to  be the*norm al* enamine p ro d u c t ( 84 ) .  The n e x t 

a c c o u n tin g  f o r  lO^y o f p ro d u c t cou ld  n o t be a s c r ib e d  a f ix e d  

s t r u c tu r e  on th e  b a s is  o f  th e  a v a i la b le  d a ta  b u t in  view  o f 

i t s  n .m .r .  spectrum  which showed th re e  d i s t i n c t  m ethyl s ig n a ls  

a t  .7 * 6 5 :  8*83  &  9 *05 t  and a v in y l  p ro to n  a t  4 * 0 3 t  would ap p ea r 

to  be a n o th e r  m o n o -a lk y la ted  p ro d u c t, p o s s ib ly  ( 87) .  The f i n a l
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p ro d u c t, a g a in  a c c o u n tin g  f o r  'around 10$ o f t o t a l ,  showed 

two ca rb o n y l peaks a t  I 669 & 1686cm ^ in  th e  in f r a - r e d  spec trum . 

I t s  n .m .r.spectrum  had a v in y l p ro to n  a t  4 .0 7 t  and m ethyl s ig n a l s  

a t  7 .8 0 T  (5  x H, s i n g l e t )  and 8 . 98 T (6 x H, s i n g l e t ) .  T h is  

would a p p ea r to  be th e  m o n o -a lk y la ted  p ro d u c t ( 85 ) .

I t  w ould, th e r e f o r e ,  ap p ea r a t  f i r s t  s ig h t  th a t  th e  therm al 

r e a c t io n  w ith  aj3~enones cannot p roceed  th rough  an enamine 

in te rm e d ia te ,  s in c e  th e  predom inant s i t e  o f a lk y la t io n  d i f f e r s  

m arked ly . However, in  th e  l i g h t  o f th e  r e c e n t f in d in g s  on 

th e  enam ines o f iso pho rone  where ’abnorm al’ o r ie n ta t io n  r e s u l t s  

were a ls o  found , a  p o s s ib le  r a t i o n a l i s a t i o n  ap p ea rs . I f ,  o f  

th e  two p o s s ib le  iso m e ric  enaraines (88) & ( 89 ) ,  th e  fo rm er i s  

th e  more r e a c t iv e ,  th e n , s in c e  th e  r a t e  o f  e q u ilib r iu m  betw een 

th e  two form s would be g r e a t ly  enhanced a t  th e  te m p era tu re s  used  

in  th e  th e rm al r e a c t io n ,  p r e f e r e n t i a l  r e a c t io n  of t h i s  form 

m ight o c c u r . A lthough some a t t e m p t s ^ ^  have been made to  

in v e s t ig a t e  t h i s  e q u ilib r iu m  a t  h ig h e r  te m p e ra tu re s , no 

m ean ingfu l c o n c lu s io n s  have been drawn from th e  r e s u l t s .

A lthough good y ie ld s  o f p ro d u c t had been o b ta in e d  in  th e  

p re v io u s  r e a c t io n s ,  when (3-dim ethylam inopropiophenone was 

condensed w ith  cyclopen tenone ( 90) by r e f lu x in g  f o r  h a l f  an hour



a t  140° ,  o n ly  a  n o n - d i s t i l l a b l e  t a r  was o b ta in ed  from w hich no 

o b s e rv a tio n s  o f p ro d u c t d i s t r i b u t i o n  cou ld  be made. T h is  i s , ,  

p resum ab ly , due to  th e  extrem e i n s t a b i l i t y  o f th e  s t a r t i n g  

enone u n d er most r e a c t io n  c o n d it io n s .

The same M annich base  was condensed w ith  5”ma 'thy lcyclohexenone 

(9 b ) by r e f lu x i n g  f o r  45 m ins. a t  200°. T his gave, on 

d i s t i l l a t i o n ,  71$  o f  p ro d u c t which showed th re e  components by 

g . l . c .  a n a ly s is  and a tte m p ts  to  s e p a ra te  th e se  by p re p a ra t iv e  

t . l . c .  were u n s u c c e s s fu l .  . N .m .r. a n a ly s is  o f th e  m ix tu re  

showed th e  p re sen ce  o f  a v in y l p ro to n  a t . 4 •1 5 T and a  t r i p l e t  

c e n tre d  on 6 . 3O t ( j = 8c p s ) . In  a d d i t io n ,  two ty p es  o f  m ethyl 

s ig n a l  were p r e s e n t ,  a s i n g l e t  a t  9 *1 3 T and a d o u b le t a t  8 . 0 6 t  

( j= 2 c p s ) .  On th e  b a s is  o f th e  p ro d u c ts  observed  in  p re c e d in g  

e x p e rim e n ts , a lo n g  w ith  th e  n .m .r .  f in d in g s  and in t e g r a t i o n ,  i t  

m ight be su g g es ted  th a t  th e se  in c lu d e  th e  m ono-a lky la ted  ke to n e  

( 92 ) and th e  b ic y c l ic  ke tone  ( 93) as the  two m ajor p ro d u c ts .

1 j 9F in a l ly ,  th e  co n d en sa tio n  was a p p lie d  to  10 -m ethy l- A -  

o c ta lo n e -2  ( 94 ) and r e f lu x  o f  t h i s  f o r  1 hour a t  200° w ith  

P-dim ethylam inopropiophenone y ie ld e d ,  on d i s t i l l a t i o n ,  61$  o f  

p ro d u c t. G . l . c .  a n a ly s is  o f t h i s  showed th e  p resen ce  o f one



m ajor and two m inor com ponents. Gas chrom atograph/m ass 

s p e c tro m e te r  a n a ly s i s  showed th e  m ajor component to  have 

m o lecu la r  w eigh t 296, t h a t  ex p ec ted  from  a m o n o -a lk y la ted  

p ro d u c t. A p u re  sample o f t h i s  c o u ld  be i s o l a t e d  by 

p r e p a r a t iv e  t . l . c .  and t h i s  showed a  s in g le t  m ethyl s ig n a l  

a t  8.8CH and no v in y l  p ro to n  in  th e  n .m .r .  spectrum . This 

ex c lu d ed  th e  s t r u c tu r e  (95) w hich might have been  ex p ec ted  

on th e  b a s i s  o f th e  fo re g o in g  r e s u l t s  and th e  p re sen ce  o f  a 

s in g le  ca rb o n y l peak  a t  l684cra ^ in  th e  in f r a - r e d  spectrum  

co n firm ed  th e  s t r u c t u r e  a s  (9c)* T h is  compound was a ls o  

o b ta in e d  a s  th e  predom inant p ro d u c t i n  th e  co n d e n sa tio n  o f  th e  

m orpholine  enamine o f  th e  o c ta lo n e  w ith  phenyl v in y l  k e to n e , 

w hich p roceeded  in  61$ y i e l d .  Thus, in  th e  ca se  o f  th e  

o c ta lo n e ,  a lk y la t i o n  ta k e s  p la c e  p rodom inan tly  on th e  a - p o s i t i o n  

o f  th e  enone system  and n o t on th e  m ethylene a d ja c e n t to  th e  

c a rb o n y l. T his f a c t  might be a t t r i b u t e d  to  th e  r e l a t i v e  

r e a c t i v i t i e s  o f  th e  iso m e ric  en an in es  (97) & (98) da th e  

a l k y la t i o n  s te p .  P resum ably th e  more h ig h ly  c o n ju g a te d  isom er 

(97 ) w hich has i n  a d d i t io n  a  more h ig h ly  s u b s t i tu t e d  double bond
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system , has  a g r e a t e r  p re fe re n c e  to  a lk y la t io n  over th e  o th e r  

(93) in  th e  o c ta lo n e  ca se  th a n  in  th e  m onocyclic and a c y c l ic  c a s e s .

A lthough  th e  th e rm a l co n d e n sa tio n  i s  found to  g iv e  good y ie ld s  

o f  a lk y la te d  p ro d u c ts  w ith  q3~enones, th e  p ro d u c t co m p lex ity  in  

c e r t a i n  c a s e s  i s  g r e a t e r  th a n  m ight he t o l e r a t e d  f o r  s y n th e t ic  

p u rp o se s . However, th e  more d e t a i l e d  i n v e s t i g a t i o n s o f  

th e  a lk y la t io n s  o f  p refo rm ed  enam ines w ith  I.iichael a d d u c ts  shov/s 

a  s im i la r  u n c e r ta in ty  in  ex ac t p ro d u c t d i s t r i b u t i o n .  Y/ith th e  

th e rm a l r e a c t io n ,  most s t r i k i n g  i s ,  p e rh a p s , t h e .d u a l i t y  o f  

o r i e n t a t i o n  o f  s u b s t i t u t i o n  found  in  th e  c a s e s  s tu d ie d  b u t i t  i s  

p o s s ib le  t h a t  in  c e r t a i n  c a s e s ,  e s p e c ia l ly  where th e  p ro d u c t may 

by r e a d i ly  i s o l a t e d  in  c r y s t a l l i n e  form  (eg . m e s ity l o x id e ) ,  th e  

abnorm al o r i e n t a t i o n  found  c o u ld  be o f  some s y n th e t ic  value*
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EXPERIMENTAL 

G-TX'IERAL:

M eltin g  p o in ts  were re c o rd e d  on a  K o fle r  m icroscope h o t s ta g e  and 

a r e  u n c o r re c te d .  R ou tine  i n f r a  r e d  s p e c tr a  o f  l i q u id  f i lm s  and n u jo l  

m u lls  w ere re c o rd e d  on a Unicam SP 200 sp e c tro p h o to m e te r . S o lu tio n  

s p e c t r a  w ere d e te rm in ed  on a  Unicam SP 100 double-beam  s p e c tro p h o to m e te r  

eq u ip p ed  w ith  an  SP 130 sodium c h lo r id e  p rism  g ra t in g  double beam 

m onochrom ator, o p e ra te d  u nder vacuum c o n d i t io n s ,  and a P e rk in  Elmer 

225 sp e c tro p h o to m e te r . U l t r a  v i o l e t  a b s o rp tio n  s p e c tr a  were d e te rm in e d  

on a  Unicam SP 800 sp e c tro p h o to m e te r  in  e th a n o lic  s o lu t io n .

N u c lea r m agnetic re so n an ce  ( n .m .r . )  s p e c tr a  were re c o rd e d  on P e rk in  

Elm er R 10 (60 m egacycle) and Y arian  HA 100 (100 m egacycle) s p e c tro 

m e te rs , u s in g  ap p ro x im a te ly  0*3 m olar s o lu t io n s  in  d eu te ro c h lo ro fo rm  

w ith  te t r a m e th y ls i l a n e  a s  i n t e r n a l  s ta n d a rd .

Gas l i q u i d  chrom atography ( g . l . c . )  was c a r r i e d  ou t on f^ e  Argon 

and P e rk in  Elmer E 11 ch rom atographs. Both a n a ly t i c a l  and p r e p a ra t iv e  

t h i n  l a y e r  chrom atography ( t . l . c . )  employed K ie se lg e l G s i l i c a  and were 

d ev e lo p ed  w ith  io d in e  vapour u n le s s  o th e rw ise  s ta t e d .  P re p a ra t iv e  

t . l . c .  was c a r r i e d  ou t on p la te s  O.pmm th i c k .

Mass s p e c t r a  were re c o rd e d  on AEI MS 9 and LIS 12 s p e c tro m e te rs  and 

com bined gas chroma/fcography/mass sp ec tro m e try  d e te rm in a tio n s  were made 

on an  LKB 900 s p e c tro m e te r .
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ft-dim et'hylar.iinopropiophenone h y d ro c h lo r id e

T his was p re p a re d  in  74b; y i e ld  as  in  O rganic S yn theses and

was o b ta in e d  as Trhite n e e d le s ,  m .p t. 153-5° (20/j e th a n o l /a c e to n e ) .

The f r e e  b a se  d )  was l i b e r a t e d  by d is s o lv in g  th e  h y d ro c h lo r id e  in  

w a te r , ad d ing  4N sodium h y d rox ide  u n t i l  th e  b ase  was c o m p le te ly  f r e e d  

and e x t r a c t in g  w ith  e th e r .  The e th e r e a l  e x t r a c t s  w ere washed w ith  b r in e ,  

d r ie d  and e v a p o ra te d  to  y i e ld  around  90f: o f  th e  f r e e  b ase  d )  w hich 

s o l i d i f i e d  on s ta n d in g  in  th e  r e f r i g e r a t o r .

C ondensation  o f  ft-di.m ethylam inopro'oiouher-one (1) and 2 -m e th y lcy c lo h ex -

anone (3 )

A m ix tu re  o f  2~m ethylcyclohexanone (lO .O g .; 0 .09m .) and f t-d im e th y l-  

am inopropiophenone (5 *15g*; 0 . 03m .) was r e f lu x e d  u n d er an a i r  co n d en se r 

. f o r  30 m in. a t  165°, by which tim e e v o lu tio n  o f  d im ethylam ine from  th e  

r e a c t io n  m ix tu re  had su b s id e d . On c o o lin g , th e  m ix tu re  was n e u t r a l i s e d  

w ith  g l a c i a l  a c e t ic  a c id ,  d i l u te d  w ith  e th e r  and e x t r a c te d  w ith  b r in e .  

The e t h e r e a l  s o lu t io n  was d r ie d ,  th e  e th e r  and excess  2 -m e th y lc y c lo -  

hexanone removed u nder w ate r p re s s u re  and th e  re s id u e  d i s t i l l e d  in  

vacuo to  g iv e  5 «5g - ( 76/^) o f a  y e llo w  o i l ,  b . p t .  145-150°/0 .05m m ., w hich 

s o l i d i f i e d  on s ta n d in g . G . l .c .  a n a ly s i s  on 5/i QF 1 a t  200° showed th e  

p re sen ce  o f  th r e e  compounds w ith  r e t e n t io n  tim es  o f ; (a )  5*55 m in .,

(b ) 6 .0 0  m in ., (c ) 6 .5 7  min. in  th e  p ro p o r tio n s  85 ;10 ; and  5Ji 

r e s p e c t iv e ly .
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Compound (a )  co u ld  be i s o l a t e d  from  th e  d i s t i l l a t e  by c r y s t a l l i s a t i o n

from  40-60  p e t r o l ,  m .p t, 5 2 ° , as  w h ite  p r ism s . Found C ,78 .79 ; H,7*95*

^16^20^2 r e Gu i r e s  C ,78 .6 5 ; II,8.25/^. T his showed Yq^ q4 1712 cm’’'*

(cy clohexanone) and 1688 cm ( a r y l  k e to n e ) in  th e  i n f r a  r e d  spec trum ,

a  d o u b le t m ethyl s ig n a l  c e n tr e d  a t  9 . 03 ru(J = 6cps) i n  th e  n .m . r . ,  and

a  p a re n t  io n  a t  m/e 244 in  i t s  mass spectrum . This compound was

deduced, to  be 2 -(f t-b e n z o y le th y l)-6 -m e th y lc y c lo h e x a n o n e  (4 ) and c o n firm ed

by  com parison  w ith  an  a u th e n t ic  specim en. Samples o f compounds (b )

and (c )  w ere i s o l a t e d  from  th e  r e a c t io n  m ix tu re  by c a r e f u l  p r e p a r a t iv e

t . l . c .  Compound (b ) showed a s im i la r  n .m .r .  spectrum  to  (a )  b u t no
c c i

m ethy l s ig n a l  was p r e s e n t .  I t s  i n f r a  r e d  spectrum  showed Yq_q4

1 1 1688 cm ( a r y l  k e to n e )  and 1712 cm (cy c lo h ex an o n e). This was co n c lu d ed

t o  be 2 - ( f t-b e n s o y le th y l) -cyclohexanone (7 ) and was con firm ed  by

com parison  w ith  an a u th e n t ic  sam ple. Compound (c )  a ls o  showed a s im i la r

n .m .r .  spectrum  to  (a )  b u t had a  s in g le t  m ethyl reso n an ce  a t  8 .9 5 t . I t

CCI —1 —1
showed Yc-c/4* *^^9 cm ( a r y l  k e to n e )  and 1707 cm (cyclohexanone) in

th e  i n f r a  r e d  spectrum . By com parison w ith  an a u th e n t ic  sample t h i s

was shown t o  be 2 -(f3 -b en zo y le th y l)-2 -m eth y lcy c lo h ex an o n e  (8 ) .

2 -m ethy l-1  -p y rro lid in o c .y c lo h e x -6  -en e  (6)

(3) • fT his was p re p a re d  by th e  method o f  S to rk  m  72/j y i e l d  a s  a 

c l e a r  l i q u i d ,  b . p t .  70-2°/0.4m nu ( L i t .  110 -4 ° / l5 n ia .) and showed Yg-g 

164O cm  ̂.



Phenyl v in y l  k e to n e  (3 )

|3 -d im et hylam inopropiophenone h y d ro c h lo r id e  (l5*1g*J 0 . 07m .) was 

steam  d i s t i l l e d .  The d i s t i l l a t e  was e x t r a c te d  w ith  e th e r  and th e  

e th e r e a l  e x t r a c t s  d r ie d .  On rem oval o f  th e  s o lv e n t ,  u s in g  a s  l i t t l e

h e a t  a s  p o s s ib le ,  7«15g*(77/^>) o f  m a te r ia l  was o b ta in e d  w hich showed

—1 ^ —1 Y q_ q 1672 cm and Yg-c 1610 cm i n  th e  i n f r a  re d  spectrum . T his

m a te r ia l  was employed w ith o u t f u r th e r  p u r i f i c a t i o n .

2 -  0  -b e n z o y le th y l  )-6-m eth.ylo.yclohexanone (4 )

A m ix tu re  o f th e  enamine (6 ) (5* 0 g .;  0 .0 3 m .) and phenyl v in y l  

k e to n e  (4 » 0 g .; 0 ,03m .) i n  d ry  benzene (30m l.)  was r e f lu x e d  f o r  24 h r s .  

i n  a  s tre a m  o f  d ry  n i t r o g e n .  A b u f f e r  s o lu t io n  o f  g l a c i a l  a c e t ic  a c id  

(1 5 m l.) ,  w a te r  (15m l.)  and sodium a c e ta te  (7«5g*) was added and 

r e f lu x in g  c o n tin u e d  f o r  a  f u r th e r  4  h o u rs . The m ix tu re  was a llo w ed  to  

c o o l ,  th e  benzene la y e r  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 . The combined benzene e x t r a c t s  w ere washed w ith  10/t hydro 

c h lo r i c  a c id ,  s a tu r a te d  sodium b ic a rb o n a te  s o lu t io n  and d r ie d .  A f te r  

rem oval o f  th e  so lv e n t under red u ced  p r e s s u re ,  5«7g. o f  m a te r ia l  

rem ain ed , w hich gave on d i s t i l l a t i o n  5 .4 g .(7 4 b )  o f  a v is c o u s  o i l ,  

b . p t .  140~5°/0.04m m ., which s o l i d i f i e d  on s ta n d in g  to  g iv e  a w h ite

s o l id  w hich was r e c r y s t a l l i s e d  from  40-60 p e t r o l ,  m .p t. 5 2 ° . T h is

001 *1  ̂showed y  4  1712 cm" (cyclohexanone) and 1633 cm ( a r y l  k e to n e )
0 u

i n  th e  i n f r a  r e d  spectrum , a d o u b le t m ethyl s ig n a l  c e n tr e d  a t  9 .0 4 t  

i n  th e  n«m .r. and a p a re n t io n  a t  244 in  th e  mass spectrum . A m ixed
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m e ltin g  p o in t  showed no d e p rs s s io n  and i t s  g . l . c .  r e t e n t io n  tim e  on 

b o th  5/0 QF 1 and 1/S APL was id e n t i c a l  w ith  th e  sample from  th e  th e rm a l 

r e a c t io n .

2 -(B -b en zo .y le th y l)-cy c lo h ex an o n e  (7 )

(2 )T h is  was p re p a re d  i n  96/0 y i e l d  by th e  method o f L ions v '  and  was

o b ta in e d  a s  w h ite  n e e d le s ,  m .p t. 52° ( l i t .  53°)* The i n f r a  r e d  spectrum

CCI —1 —1
showed Yq- c/*- ^ 8 8  cm ( a r y l  k e to n e )  and 1712 cm (cy c lo h ex an o n e).

The g . l . c .  r e t e n t io n  tim e on 5/o QP 1 a t  200° was 6 .00  min.

2 - (3 -b e n z o y le th y l)-2 -m e th y lc y c lo h e x a n o n e  (8)

P henyl v in y l  k e to n e  (4 .3g» ; 0 .032m .) in  dry  e th e r  (25m l.) was added

o v er 1 hou r to  a m ix tu re  o f 2-m ethy lcyclohexanone (7 . 25g . ;  0 .065m .)

and e th a n o lic  p o ta ss iu m  hydrox ide  ( i g . /V n l . )  in  dry e th e r  (3 0 m l.) a t  
o

0 C. The m ix tu re  was th e n  s t i r r e d  a t  room te m p era tu re  f o r  1 h o u r, 

pou red  on to  i c e ,  a c i d i f i e d  w ith  ccn c . h y d ro c h lo r ic  a c id  and e x t r a c te d  

w ith  e t h e r .  The e th e r e a l  e x t r a c t s  were washed vzith b r in e ,  d r ie d  and 

th e  e th e r  and ex ce ss  2 -m ethylcyclohexanone removed under red u ced  

p r e s s u r e .  The r e s id u e  was d i s t i l l e d  in  vacuo to  y ie ld  5»1g»(64/t) o f  

a  y e llo w  v is c o u s  o i l ,  b . p t .  145-150°/0*06mm. G -.l.c . a n a ly s i s  on 5 ^  QP 1 

a t  200° showed th e  m ajor p rod u c t to  be th e  ex p ec ted  (8 ) ,  w ith  t r a c e

im p u r i t i e s  o f  th e  o th e r  two. A pure sample was i s o l a t e d  by p r e p a r a t iv e

CCI *“*1 *1
t . l . c .  and t h i s  showed Yq_ ô  ^ 9 0  cm ( a r y l  k e to n e ) and. 1707 cm

(cyclohexanone) in  th e  i n f r a  re d  spectrum  and a s in g le t  m ethyl s ig n a l

a t  8 .9 4 T h  th e  n .m .r .  Pd. 0 ,7 8 .0 7 ; H ,8.35» ^ £ ^ 2 0 ^ 2  r e fu ^re,<3 0 ,7 8 .6 5 ;

K ,8 .2 5 £ ,
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T reatm ent o f  (4 ) w ith  po tass iu m  hydrox ide in  e th a n o l

A sample o f  th e  d ik e to n e  (4 ) (378ng .) in  dry  e t  h e r  (5 m l.)  was 

t r e a t e d  w ith  e th a n o l ic  p o ta ss iu m  h y d rox ide  (1 p e l l e t  i n  1 m l.)  and th e  

m ix tu re  s t i r r e d  a t  room te m p e ra tu re  f o r  1 h ou r. The m ix tu re  was th e n  

p o u red  on to  i c e ,  n e u t r a l i s e d  w ith  conc. h y d ro c h lo r ic  a c id  and 

e x t r a c te d  w ith  e th e r .  The e th e r e a l  e x t r a c t s  were washed w ith  b r in e  and 

d r ie d .  On rem oval o f  th e  so lv e n t t h i s  y ie ld e d  345mg. o f  m a te r ia l  w hich 

was shown by g . l . c .  a n a ly s i s  to  be unchanged s t a r t i n g  m a te r ia l .

C ondensa tion  o f  p -d im ethy lam inoprop lophenone and 2 -m ethy lcyclohexanone

(a )  F or 1 h ou r a t  130°

The e a r l i e r  p ro ced u re  was re p e a te d  u s in g  (3-dim ethylard.nopropiophenone 

( 5 .4 g . ;0  , 03m .) and 2 -m ethy lcyclohexanone (9*5g»; 0 . 09m .) b u t th e s e  

w ere r e f lu x e d  f o r  1 hour a t  130°. A f te r  th e  above work-up p ro c e d u re , 

d i s t i l l a t i o n  y ie ld e d  4 .5g*(6259 o f  p ro d u c t. G . l .c .  a n a ly s is  o f  t h i s  

showed no change i n  th e  r e l a t i v e  p ro p o r t io n s  o f (4)- end (8 ) b u t an 

in c re a s e d  p e rc e n ta g e  o f  (7 ) .

(b ) For 2w h o u rs  a t  110°

The above p ro ced u re  vzas r e p e a te d  u s in g  th e  same q u a n t i t i e s  o f  

r e a g e n ts .  Follovzing a r e f lu x  o f 2 hour s  a t  110° and th e  same work

up p ro c e d u re , d i s t i l l a t i o n  a f fo rd e d  1 .8 g . (253-) o f  p ro d u c t. G . l .c .  

a n a ly s i s  a g a in  showed th e  same p ro p o r tio n  o f (4 ) &ud (8 ) b u t th e  

amount o f (7 ) p re s e n t  was f u r th e r  enhanced.
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C on d en sa tio n  o f  ph en y l v in y l  ke to n e  (5 ) and 2-m ethy lcyclohexanone (3 )

(a )  In  th e  absence  o f  b ase

A m ix tu re  o f  2 -m ethy lcyclohexanone (8 .4 g . ;  0 .075m .) and  ph en y l 

v in y l  k e to n e  (3 * 3 g .; 0 .025m .) v;as r e f lu x e d  f o r  30 min. a t  1 65°. The 

m ix tu re  was c o o le d , n e u t r a l i s e d  w ith  g l a c i a l  a c e t ic  a c id ,  d i l u t e d  w ith  

e th e r  and  e x t r a c te d  w ith  b r in e .  The e th e r e a l  s o lu t io n  was d r ie d ,  th e  

e th e r  and  ex cess  k e to n e  removed u n d er red u ced  p r e s s u re ,  b u t o n ly  

p o ly m eric  m a te r ia l  was i s o l a t e d .

( t )  In  th e  p re sen ce  o f t r ie th y la m in e

A m ix tu re  o f  2 -m ethy lcyclohexanone (8 .2 g . ;  0 .0 7 3 m .) , pheny l v in y l  

k e to n e  (3 .2 g * ; 0 ,024m .) and t r ie th y la m in e  (2 .5 g .;0 .0 2 4 m .) was r e f lu x e d  

f o r  40 m in. a t  160°. The above w ork-up p ro ced u re  gave 3*0g*(50^) o f  

p ro d u c t,  b . p t .  150- 5° / 0 »1mm. G . l . c .  a n a ly s i s  o f t h i s  shewed th e  p re se n c e  

o f  th e  th r e e  iso m e rs , (7 ) = 18$6 and th e  rem ain d er c o n s is t in g  o f  (4 ) 

and (8 ) i n  th e  r a t i o  12: 88.

(c )  In  th e  p re se n c e  o f  d ie th y lam in e

The above p ro ced u re  was r e p e a te d  u s in g  2 -m ethy lcyclohexanone 

(8.7s; 0 .0 7 8 m .), pheny l v in y l  ke to n e  (3«4g.,* 0 . 026m ,) and d ie th y lam in e  

( l . 8 8 g . ;  0 .0 2 6 m .). A f te r  rem oval o f  th e  so lv e n t and ex ce ss  k e to n e , 

t h i s  y ie ld e d  2.49g.(42?b) o f an o i l ,  b . p t .  160-5°/0.2m m . G . l . c .  a n a ly s i s  

showed th e  r a t i o  of (4 ) t o  (8) to  be 38:62  in  t h i s  c a s e ,  w ith  (7 ) b e in g  

p r e s e n t  i n  th e  same p ro p o r tio n  as (8 ) .
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(d ) In  -the p re se n c e  o f  p y r r o l id in e

The above p ro ced u re  was r e p e a te d  u s in g  2-m ethy lcyclohexanone (3 .3 6 g .;  

0 .0 3 m .) , ph en y l v in y l  k e tb n e  ( 1 .3 2 g .;  0.01 m .) and p y r r o l id in e  (0 .7 1 g*; 

0 .0 1 m .) . A f te r  rem oval o f  s o lv e n t and ex ce ss  k e to n e , t h i s  y ie ld e d  

820mg* (34/^) o f  an o i l ,  b . p t .  160-*5°/0.25mm. G . l . c .  a n a ly s i s  showed th e  

p re se n c e  o f  (4 ) and (8 ) i n  th e  r a t i o  7 7 :23 , w ith  (7 ) am ounting to  40/£ 

o f  ( 4 ) .

A ttem p ted  r e a c t io n  o f  2 -m ethy lcyclohexanone and B -d im eth y lam in o p ro p io -

phenone h y d ro c h lo r id e  

A m ix tu re  o f  th e  h y d ro c h lo r id e  (680mg.; 0 .003m .) and 2 -m eth y l

cyclohexanone ( l .1 2 g . ;  0 .01m .) was r e f lu x e d  f o r  30 m in. a t  165° .

F o llow ing  th e  norm al w ork-up p ro c e d u re , rem oval o f  th e  ke to n e  y ie ld e d  

no a p p re c ia b le  amounts o f  a lk y la te d  p ro d u c t.

Therm al c o n d e n sa tio n  o f  phenyl v in y l  k e to n e  and th e  enamine (6 )

(a )  W ith w a te r  added a t  end

Phenyl v in y l  k e to n e  ( l .3 2 g . j  0 .01m .) was added dropw ise w ith  

s t i r r i n g  u n d er n i t r o g e n  to  th e  enamine (6 ) ( l . 65g . ;  0 .01m .) a t  160 -3° 

o v e r a  p e r io d  o f  15 m in. and h e a t in g  c o n tin u e d  f o r  a f u r t h e r  15 m in.

At t h i s  p o in t  an  e q u iv a le n t amount o f  w a te r  was added and a f u r t h e r  

5 m in. h e a t in g  u n d e rta k e n . On c o o lin g  and fo llo w in g  th e  u s u a l w ork-up 

p ro c e d u re , d i s t i l l a t i o n  y ie ld e d  8 l0 m g .(334) o f  m ateria ,1 w hich g . l . c .  

a n a ly s i s  showed to  c o n s is t  of th e  u s u a l p ro p o r tio n s  o f  p ro d u c ts  from  

th e  th e rm a l c o n d e n sa tio n  o f 2-m ethy lcyclohexanone and th e  Hannich b a s e .
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(b ) W ith w a te r  added a t  th e  o u ts e t

A m ix tu re  o f  p heny l v in y l  k e to n e  ( l .3 2 g . ;  0 .01m .) and w a te r  (200m g.; 

0 .011m .) was added &ropwise under n i t ro g e n  to  th e  enamine (6 ) ( l . 65g . ;  

0 .0 1 m .) w ith  s t i r r i n g  a t  1 6 0 -5 ° , and h e a t in g  a t  t h i s  te m p e ra tu re  was 

c o n tin u e d  f o r  a  f u r t h e r  20 min. By t h i s  tim e , th e  m ix tu re  had become 

homogeneous. On c o o l in g  and w ork-up, d i s t i l l a t i o n  y ie ld e d  900m g.(4 0 /)  

o f  m a te r ia l ,  w hich was shown by g . l . c .  t o  be i d e n t i c a l  i n  co m p o sitio n  

to  t h a t  i s o l a t e d  from  th e  p rece d in g  ex p erim en t.

B -ace toxyprop ioohenone (22)

(11 )T his was p re p a re d  by th e  method o f  Roth and Dvorak y and was 

o b ta in e d  i n  1 9 /  y i e l d , a s  w h ite  p l a t e s  m .p t. 5 3 ° ( p e t r o l )  ( L i t .  5 3 -4 ° ) .

Atte m p te d  c o n d e n sa tio n  o f  p -aoe to x y p ro p io p h en o n e  and cyclohexanone

A m ix tu re  o f  cyclohexanone ( l .1 2 g . j  0 .012m .) and p - a c e to x y p ro p io -  

phenone (22) (130mg . j  0 .004m .) was r e f lu x e d  f o r  1^ h o u rs  a t  160°. The 

m ix tu re  was d i l u te d  w ith  e th e r ,  th ro u g h ly  washed w ith  b r in e  and d r ie d .  

Removal o f  th e  so lv e n t and ex cess  cyclohexanone l e f t  407m g.(4 6 . 5%) o f 

m a te r ia l ,  w hich was shown by g . l . c .  a n a ly s i s  to  c o n s is t  l a r g e ly  o f a 

s in g le  p ro d u c t, Rt = 1 0 .6  min. on 53= Q81 1 a t  200° and 4 5 m l./m in . The 

m a te r ia l  co u ld  be i s o l a t e d  by p r e p a ra t iv e  t . l . c .  as a w h ite  s o l id ,  

m .p t.  123° ( b e n z e n e /p e t ro l) .  Found, 0 ,8 1 .7 4 ; H,5*92. r e l u i r e s

C ,81 .79 ; H ,6 .1 0 f2, T his showed Yq^q4 1637 cm*’”1 ( a ry l  k e to n e )  in  th e  

i n f r a  r e d  spectrum  and arom atic  p ro to n s  (lOxIi) betw een 2.1 and 2 .8 p  

v in y l  p ro to n s  a t  4 . 0pand 4 .3 2  t ( 2 x H , s i n g l e t s ) ,  and m ethylene p ro to n s
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(4xH) betw een  6 ,7  and 7*3 'k  T his was a  d im e rise d  form  o f  pheny l v in y l  

k e to n e .

C o n d en sa tio n  o f 8 -d im ethy lam inoprop iophenone and d ie th y l  m alonate

A m ix tu re  o f  {3-dim ethylam inopropiophenone (3 .5 s* ; 0 , 02m ,) and

d ie th y l  m alonate  ( 9 .5 g . ;  0 ,0 6 m .) was r e f lu x e d  f o r  1 hou r a t  140°.

The u s u a l  w ork-up p ro ced u re  y ie ld e d ,  on d i s t i l l a t i o n ,  2 .4 7 g .(4 2 /)  o f

a  c l e a r  o i l ,  b . p t ,  150-5 °/0.3mm . G . l .c .  a n a ly s is  showed t h i s  to

c o n s i s t  o f  e s s e n t i a l l y  a  s in g le  com ponent, Rt = 24 m in. on 5/Z QF 1

a t  175° and  45 m l./m in . Pound, 0 ,6 5 .0 3 ; H ,6 .7 1 . c^g^20^5 r e Gui :res
CCI —1C ,6 5 ,7 4 ; H ,6 .9 0 / .  The i n f r a  r e d  spectrum  showed Yq_ q^  1^93 cm ( a r y l  

k e to n e )a n d  1737 and 1754 cm  ̂ ( s u b s t i tu t e d  m alonic e s t e r ) .  The n .m .r .  

spec tru m  showed a ro m a tic  p ro to n s  (5x H ,m u lt ip le t)  betw een 1 .9 5  and 

2.6005  e th y l  e s t e r  m ethylene a t  5 . 81t ( 4 x H ,q u a r te t) ; e th y l  e s t e r  m ethy l 

a t  8 .8 7  *t(6xK, t r i p l e t ) .  T h is  d a ta  c o rre sp o n d s  to  th e  m o n o -a lk y la ted  

p ro d u c t (11 ) .

P .-p y rro lid in o p ro p io p h e n o n e  h y d ro c h lo r id e

A m ix tu re  o f  acetophenone (4 .8 g .;  0 .0 4 m .) , parafo rm aldehyde ( 2 .0 g , ;  

0 .023m .) and p y r r o l id in e  h y d ro c h lo r id e  (4*5g»; 0 ,04m .) in  e th a n o l (1 2 m l.) 

and two d rops o f co n e , h y d ro c h lo r ic  a c id  was r e f lu x e d  f o r  2-g- h o u rs .

The m ix tu re  was f i l t e r e d  h o t and a llow ed  to  c o o l . The r e s u l t a n t  

c r y s t a l l i n e  mass was r e c r y s t a l l i s e d  from e th a n o l to  g iv e  6 .8  g , ( 87/^) 

o f  p ro d u c t a s  w h ite  p rism s , m .p t. 158 -9°. Pound, C ,64 .94 ; K>7«55; ^>5*83. 

C. _H-K0C1 r e q u i r e s  C ,65 .0 9 ; H,7*56; N ,5 .8 4 /.
1 j  1 o
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C ondensation  o f  p -p y rro lid in o p ro p io p h e n o n e  and 2-m ethy lcy c l ohexanone 

The f r e e  b ase  was r e le a s e d  from  th e  h y d ro c h lo r id e  by b a s i f i c a t i o n  

and e th e r  e x t r a c t io n  and was o b ta in e d  a s  a c l e a r  o i l  w hich was n o t 

f u r t h e r  p u r i f i e d .

A m ix tu re  o f  (3 -p y rro lid in o p ro p io p h e n o n e  (16 ) ( l . 1 g . ;  0 .006m .) and

2-m ethy lcyc lohexanone  ( l . 85g . ;  0 . 017ra*) was re f lu x e d  f o r  30 m in. a t  

165°. A ft e r  th e  u s u a l  w ork-up p ro c e d u re , d i s t i l l a t i o n  a f fo rd e d  880mg.

(£>1%) o f  a p a le  y e llo w  o i l ,  b . p t .  155-160°/0.3mm. G -.l.c . a n a ly s i s  

showed t h i s  to  have th e  same p ro d u c t d i s t r i b u t i o n  a s  th e  m a te r ia l  

o b ta in e d  from  th e  th e rm a l c o n d e n sa tio n  o f  th e  d im ethy lam ino-base  ( l ) .

(3-d ie th y lam in o p ro p io p h en o n e  h y d ro c h lo r id e

(19)This was p re p a re d  by th e  method o f  B lick e  and  was o b ta in e d  in

48/5 y i e l d ,  m .p t. 107-3° ( e th a n o l /a c e to n e ) .  ( L i t .  1 0 8 -1 1 0 °).

C ondensation  o f  p -d ie thy lam inoprop iophenone  (15) and 2 -m ethy lcyc lohexanone 

The f r e e  b ase  was o b ta in e d  from  th e  h y d ro c h lo r id e  as  in  th e  

p re c e d in g  c a se  and was n o t f u r t h e r  p u r i f i e d .

A m ix tu re  o f  {3-d ie th y lam in o p ro p io p h en o n e  (15) (2 .05g» ; 0 . 01m .) 

and  2-m ethy lcyc lohexanone  ( 3«3% * ; 0 . 03m .) was r e f lu x e d  f o r  30 m in. a t  

165° .  A f te r  c o o lin g  and th e  u s u a l w ork-up, th e  p ro d u c t was o b ta in e d  on 

d i s t i l l a t i o n  a s  a p a le  y e llow  o i l ,  1 . 41g « (48 / . ) ,  b . p t .  150- 5 ° / 0 . 2nm.

T his a g a in  showed a s im i la r  p ro d u c t d i s t r i b u t i o n  to  th e  e a r l i e r  

exam ples by g . l . c .  a n a ly s i s  bu t w ith  an enhanced p ro p o r t io n  o f  (7 ) .
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3 -m orpho linoprop iophenone  h y d ro c h lo r id e

T his was p re p a re d  by th e  m ethod o f  L ions and was o b ta in e d  in

82^-y i e l d  a s  w h ite  n e e d le s ,  m .p t. 177° ( e th a n o l /a c e to n e ) .  ( L i t .  1 7 7 ° ) .

C ondensation  o f  p-m orpholinopropiophenone ( 3 0  and 2 -ae th y lo y o lo h ex an o n e  

The f r e e  b ase  was l i b e r a t e d  from  th e  h y d ro c h lo r id e  a s  i n  th e  p re v io u s  

exam ples and  was u sed  w ith o u t f u r th e r  p u r i f i c a t i o n .

A m ix tu re  o f  |3 -m orpholinoprop iophenone (31) (l«54g*J 0 .007m .) and

2 -m ethy lcyc lohexanone (2 ,24g« ; 0 .022m .) was r e f lu x e d  f o r  3tted.n. a t  

163°# A f te r  th e  norm al Y/ork-up, d i s t i l l a t i o n  y ie ld e d  868m g.(53%) o f  

a  p a le  y e llo w  o i l ,  b . p t .  133-16 0 ° / 0 . 2 5 i m o G -.l.c . a n a ly s i s  o f  t h i s  

m a te r ia l  on 3% 1 a t  200° and  43sLL./min. showed a s im i la r  p ro d u c t

d i s t r i b u t i o n  to  t h a t  found  f o r  th e  d ie th y lam in o -iian n ic h  b a s e .

3 -p ip e r id in o p ro p io p h e n o n e  h y d ro c h lo r id e

(21)T h is  was p re p a re d  by th e  method o f Uannich and was o b ta in e d

i n  81 $  y i e l d  a s  w h ite  n e e d le s ,  m .p t. 192° ( e th a n o l/a c e to n e ) .  ( L i t .  

1 9 2 -3 ° ) .

C ondensation  o f  f l-p lp e rid in o o ro p io o h e n o n e  (32) and 2 -n e th y lo y c lo h o x an o n e  

The f r e e  b a se  was l i b e r a t e d  from  th e  h y d ro c h lo r id e  as  in  th e  above 

exam ples and u sed  w ith o u t f u r th e r  p u r i f i c a t i o n .

A m ix tu re  o f  (3-p ip e r id in o p ro p io p h e n o n e  (32) ( l .5 3 s * j  0 .007m .) and 

2-m ethy lcyclohexanone (2 .2 4 g .;  0 .02m .) was r e f lu x e d  f o r  30 min. a t  163° .  

A f te r  th e  u s u a l  w ork-up, d i s t i l l a t i o n  gave 380mg.(35a0 o f an o i l ,
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b . p t .  1 5 0 -5 ° /0  ,2mm. G -.l.c . a n a ly s is  a g a in  showed a s im i la r  p ro d u c t 

d i s t r i b u t i o n  to  th e  d ie th ly a m in o -c a s e .

C ondensa tion  o f  B -d im ethylam inopropiophenone and a c e to a c e t ic  e s t e r  (33)

A m ix tu re  o f p -d im ethy lam inop rop iophenone  ( l ) (l*9g»S 0 .011m .) and

a c e to a c e t ic  e s t e r  ( 4 .2 g . ;  0 .033m .) was r e f lu x e d  f o r  43 m in. a t  180°.

The u s u a l  w ork-up p ro ced u re  y ie ld e d ,  on d i s t i l l a t i o n ,  1 .9 2 g .(6 8 /)  o f

a  c l e a r  o i l ,  b . p t .  144-150°/0.03mm . G . l .c .  a n a ly s is  in d ic a te d  th e

p re se n c e  o f one m ajor p ro d u c t, g r e a t e r  th a n  9 0 /  o f  th e  t o t a l ,  Rt =

3*3 min. on 3% Q51 1 a t  200° and 4 3 m l./m in . and 4 .7 3  min. on 1 /  SE 30

a t  173° and 4 3 m l./m in . A sample o f  enhanced p u r i t y  was o b ta in e d  by

CC1 —1
p r e p a r a t iv e  t . l . c . .  The i n f r a  r e d  spectrum  showed Yq_q4 1692 cm

—1 —1
( a r y l  k e to n e ) ,  1720 cm (m ethyl k e to n e )  and 1748 cm ( e s t e r )  and

th e  n .m .r .  showed m ethyl re so n a n c e s  a t  7• 7 3 *t(3xH ,s i n g l e t ) f o r  th e  

m ethyl k e to n e  and 8 .7 3 /t (3 x H ,t r ip le t ,J = 7 c p s )  f o r  th e  e s t e r  m ethy l.

The compound gave a p o s i t i v e  f e r r i c  c h lo r id e  t e s t  aid had a  p a re n t  io n  

a t  m/e 262 in  i t s  mass spectrum  d e r iv e d  from  combined gas ch ro m a to g rap h / 

mass sp e c tro m e te r  a n a ly s i s  on 1/S SE 30. This was presum ed to  be th e  

m o n o -a lk y la ted  p ro d u c t (3 4 ).

C ondensa tion  o f  pheny l v in y l  ke to n e  and a c e to a c e t ic  e s t e r

Phenyl v in y l  ke to n e  (5 ) ( l . 4 3 g . ;  0 .011m .) in  dry  e th e r  was added 

dropw ise a t  0°C to  a m ix tu re  o f  a c e to a c e t ic  e s t e r  (2 .8 3 g .;  0 ,022m .) 

and e th a n o l ic  po tass iu m  hydrox ide  (from  300mg. X0H and 2 .3m l. e th a n o l)



i n  e th e r  (1 0 m l.) and th e  m ix tu re  s t i r r e d  a t  room te m p e ra tu re  f o r  2 h rs  

I t  was th e n  poured  on to  i c e ,  a c i d i f i e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id  

and  e th e r  e x t r a c te d .  The e th e r e a l  e x t r a c t s  were washed w ith  b r in e  and 

d r ie d .  Removal o f  th e  s o lv e n t and ex ce ss  a c e to a c e t ic  e s t e r  gave a 

s o l i d  p ro d u c t,  1 .9 5 g .(6 9 /)*  as  w h ite  n e e d le s ,  m .p t. 111-2° (b en ze n e ). 

( L i t .  120° ( e th a n o l ) ) .  Found, C ,68 .1 6 ; H .6 .9 0 . 0^ r e q u i r e s

C ,68 .69 ; K ,6 .9 2 '/. T his was shovm to  be i d e n t i c a l  to  th e  m a te r ia l  (34) 

p re p a re d  in  th e  p re v io u s  ex p erim en t, by com parison o f g . l . c .  r e t e n t io n  

tim e s  and s p e c t r a l  d a ta .

C ondensa tion  o f  B -direth?4Lam i.nopropiouhenone and 2 -c a rb e th o x y c y c lo -

hexanone (33)

A m ix tu re  o f  (3 -d im e th y lan in o p ro p io p h en o n e  (3 .4 g .J  0 .019m .) and 

2 -ca rb e th o x y cy c lo h ex an o n e  (9 .8 g . ;  0 .037m .) was r e f lu x e d  f o r  30 m in. 

a t  160°. The u s u a l  w ork-up y ie ld e d ,  on d i s t i l l a t i o n ,  4*1 g. (7 0 /)  o f a 

p a le  y e llo w  o i l ,  b . p t .  136-40° / 0 . 01 rmn. G -.l.c . a n a ly s i s  o f  t h i s  shov/ed 

th e  p re se n c e  o f  two com ponents, Rt = 2 .0 0  and 9 .23  min. on 5 /  QF 1 a t  

200° and 3 5 m l,/m in . and 5»5min. and 17*75 min. on 1 /  SE 30 a t  175° 

and 4 5 m l./m in .,  c o rre sp o n d in g  to  2 5 / and 7 5 / o f  th e  t o t a l  r e s p e c t iv e ly  

Combined gas ch rom atograph /iaass sp e c tro m e te r  a n a ly s is  showed th e s e  to  

have m o le c u la r  w e ig h ts  244 and 302 r e s p e c t iv e ly .  The fo rm er was shown 

30 be 2 -(p -b e n z o y le th y l) -c y c lo h e x a n o n e  (7) by com parison o f  boch i t s  

mass spectrum  and g . l . c .  r e t e n t io n  tim e s  vd th  th o se  o f  an a u th e n t ic  

sam ple. The l a r t e r ,  w hich co u ld  be i s o l a t e d  in  a s l i g h t l y  im pure s t a t e
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by p r e p a r a t iv e  t . l . c . ,  gave a n e g a tiv e  f e r r i c  c h lo r id e  t e s t ,  no 

b a th o c h ro n ic  s h i f t  in  th e  u .v .  spectrum  on th e  a d d i t io n  o f  b a se  and 

showed in  th e  n .m .r .  spectrum  th e  e th y l  e s t e r  m ethyl re so n an ce  a t  8 .7 5  T 

(3x H , t r i p l e t , J = 7c p s )  and a ro m a tic  p ro to n s  betw een 2 .0  and 2 . 65 'e(5x1I, 

m u l t i p l e t ) .  This was assum ed to  be th e  p ro d u c t, 2 - ( j3 -b e n z o y le th y l) -2 -  

carbe thoxycy c lo h ex an o n e  (36 )•

C ondensa tion  o f pheny l v in y l  k e to n e  and 2 -ca rb e th o x /cy c lo h ex an o n e  (35.1

Phenyl v in y l  k e to n e  (775mg.; 0 .009m .) in  dry  e th e r  (3 m l.)  was

added dropw ise to  a m ix tu re  o f 2-ca rb e thoxycyclohexanone  (2 . 0g . ;  0 . 018m .)

and e th a n o lic  p o ta ss iu m  hydrox ide  (from  175mg. po tass iu m  h yd rox ide  in

2 .0 m l. e th a n o l)  in  e th e r  (5 m l.) a t  0°C and th e  m ix tu re  s t i r r e d  a t  room

te m p e ra tu re  f o r  2 h o u rs . The m ix tu re  was th e n  poured  on to  i c e ,

a c i d i f i e d  w ith  d i l u te  h y d ro c h lo r ic  a c id  and e x t r a c te d  w ith  e th e r .  The

e th e r e a l  e x t r a c t s  were washed w ith  b r in e  and d r ie d .  A f te r  rem oval o f

th e  s o lv e n t and ex cess  ke tone  under red u ce d  p re s s u re ,  d i s t i l l a t i o n  o f

th e  r e s id u e  y ie ld e d  1 .2 g .( 6 3 / )  o f  a c o lo u r le s s  o i l ,  b . p t .  155~1t>0° /

0.2mm., w hich showed a s in g le  peak , Rt = 9 .25  min. on 5/i QF 1 a t  200°

and 55m l./m in . ,  by g . l . c .  a n a ly s i s ,  w ith  im p u r i t ie s  o f  l e s s  th a n  5 / .

F u r th e r  m i c r o - d i s t i l l a t i o n  fu rn is h e d  an a n a ly t i c a l  sample o f  (36 ) .

Found, 0 ,7 1 .3 1 ; PI,7*54* C ^ H ^ 0^ r e q u ir e s  0 ,7 1 .5 0 ; 11 ,7 .33 /. The i n f r a

r e d  spectrum  showed i 692 cm ( a r y l  k e to n e ) , 17 'l6 cmO—U

(cyclohexanone) and 1759 ( e s t e r )  and th e  n .m .r .  spectrum  was

i d e n t i c a l  to  t h a t  o f  th e  m a te r ia l  i s o l a t e d  in  th e  p re v io u s  ex p erim en t.



-  71 -

The p ro d u c t gave a  n e g a t iv e  f e r r i c  c h lo r id e  t e s t  and no ha th o ch ro m ie  

s h i f t  i n  th e  u .v .  spectrum  on th e  a d d i t io n  o f  "base.

C o ndensa tion  o f  ft-d im ethy lam inoprop iophenone and 2 -c a rb e th o x y c y c lo -

pen tanone (37)

A m ix tu re  o f  ^ -d im ethy lam inoprop iophenone  ( l .8 9 g * ; 0 .011m .) and 

2 -c a rb e th o x y c y c lo p e n ta n o n e  (37) (5*0g .;0 .033m ») was r e f lu x e d  f o r  

30 m in. a t  160°. A f te r  th e  u s u a l  w ork-up p ro c e d u re , d i s t i l l a t i o n  

gave 1 .9 5 g * (6 5 /)  o f  a p a le  y e llo w  o i l ,  b . p t .  130-3°/0.1nim . G . l . c .  

a n a ly s i s  o f  t h i s  showed i t  to  c o n s i s t  o f  two p ro d u c ts ,  Rt = 3*6 and 

11 .75  m in. on 1 % SE 30 a t  175° and 45 m l./m in . and 7«00 and 20 .75  min. 

on 5 /  QF 1 a t  200° and 40 m l./m in . in  th e  r a d io  1 :4« A n a ly s is  o f  th e  

m ix tu re  by gas chrom atography/m ass sp e c tro m e te r  showed th e  r e s p e c t iv e  

m o le c u la r  w e ig h ts  to  be 216 and 288. By analogy  w ith  th e  cyclohexanone 

c a s e ,  th e s e  w ere assum ed to  be th e  e x p ec ted  p ro d u c t (39)? o f  m o le c u la r  

w eig h t 288, and  th e  e s t e r - f r e e  m a te r ia l  (3 8 ) , f o r  216. The l a t t e r

assig n m en t was co n firm ed  by c o r r e l a t i o n  o f  g . l . c .  r e t e n t io n  tim es

(24 )w ith  th o s e  o f  an a u th e n t ic  sample . The form er was i s o l a t e d  i n  a 

s l i g h t l y  im pure s t a t e  by p r e p a r a t iv e  t . l . c .  I t  showed no bathoch rom ic  

s h i f t  i n  i t s  u .v .  spectrum  on th e  a d d i t io n  o f  b a se , gave a n e g a t iv e  

f e r r i c  c h lo r id e  t e s t  and had th e  ex p ec ted  n .m .r .  spectrum , w ith  an  

e th y l  e s t e r  m ethy l c e n t r e d  a t  8 . 7 8 p (3 x H ,tr ip le t ,J = 7 c p s )  and a ro m a tic  

p ro to n s  betw een 2 .0  and 2 .6 5 ^ (5 x H ,m u ltip le t) .
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C ondensation  o f pheny l v in y l  ke to n e  and 2 -o a rb e th o x y o y c lo p en tan o n e ( 37) 

P henyl v in y l  k e to n e  (900mg.; 0 .007m .) in  dry  e th e r  (7 .5 m l.)  was 

added dropw ise to  a m ix tu re  o f  2-ca rb e th o x y cy c lo p en tan o n e  (2 . 12g . ;  

0 . 014m .) and e th a n o lic  p o ta ss iu m  hyd ro x id e  (from  p o ta ss iu m  h y d ro x id e  

(200m g.) i n  e th a n o l (2 .5 m l.)  in  d ry  e th e r  (7 .5 m l.)  a t  0°C, and th e  

m ix tu re  s t i r r e d  a t  room te m p e ra tu re  f o r  2 h o u rs . Yfork-up a s  f o r  th e  

c o n d e n sa tio n  w ith  2-ca rb e th o x y cy c lo h ex an o n e  y ie ld e d  on d i s t i l l a t i o n  

1*3g»(66/o) o f  an o i l ,  b . p t .  155-160°/0.2m nu T his showed a  s in g le  peak  

i n  g . l . c .  a n a ly s i s ,  Rt = 20.75 min. on 5% QF 1 a t  200° and 4 0 m l./m in . 

Found, C, 70 .74 ; H, 7 .2 8 . C ,_ILn0, r e q u i r e s  C, 70 .81 ; H, 6 .9 9 ^ . The1 / 2U Zf
pm —i —1

i n f r a  r e d  spectrum  showed y ^ ^ 4  1^90 cm” ( a r y l  k e to n e ) ;  1732 cm

( e s t e r )  and 1744 cm  ̂ (c y c lo p e n ta n o n e ) . The p ro d u c t w as, th e r e f o r e ,

th e  m o n o -a lk y la ted  (39 ) .

1-d im e th y lam in o -2-ca rb e th o x y c y o lo p e n t~ 1-e n e  (44)

A s te a d y  b ubb le  o f  d im ethylam ine g a s , d r ie d  over p o ta ss iu m  h y d ro x id e , 

was p a s s e d  f o r  18 h o u rs  th ro u g h  a s t i r r e d  s o lu t io n  o f  2- c a rb e th o x y -  

cy c lo p en tan o n e  (3 7 ) (4 . 0g . ;  0 . 025m .) in  d ry  benzene (5m l.) ,  w ith  

anhydrous p o ta ss iu m  c a rb o n a te  ( l .O g .)  added. The s o lu t io n  was d i l u te d  

w ith  e th e r  and f i l t e r e d .  The s o lv e n ts  were removed and th e  re s id u e  

d i s t i l l e d  to  g iv e  3*75g*(80X0 o f  a p a le  y e llo w  o i l ,  b . p t ,  156-60  /

30mm.. T his gave a n e g a tiv e  f e r r i c  c h lo r id e  t e s t  and showed Xnax 305mjji 

(£= 10 ,500) ( L i t .  309 (£= 1 1 ,0 0 0 )^2b )̂ in  th e  u .v .  spec trum . I t s  n .m .r .
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spectrum  showed IT -nethyls a t  7 » 0 3 t(6 x H ,s in g le t) ; e s t e r  m ethyl a t  8 .7 8 t  

( 3 x H ,t r ip le t ,J = 7 c p s )  and m ethylene a t  5 •8 9 t ( 2 x H , q u a r te r )  and no v in y l  

p ro to n .

C o ndensa tion  o f  th e  enam ine (44) and pheny l v in y l  k e to n e  (3)

A m ix tu re  o f  th e  enamine (44) (750mg.; 0 .004m .) and phenyl v in y l  

k e to n e  (6 0 0 ag .; 0 .004m .) i n  d ry  benzene (15m l.)  was r e f lu x e d  f o r  24 h r s .  

i n  a  s tream  o f  d ry  n i t r o g e n .  F o llow ing  th e  a d d i t io n  o f  2 m l. o f  

a c e ta t e  b u f f e r  and a f u r th e r  2 hours r e f lu x ,  th e  norm al enamine work

up y ie ld e d  670mg.(59/0  o f  p ro d u c t. This gave a n e g a tiv e  f e r r i c  c h lo r id e  

r e a c t io n  and no bathoch rom ic  s h i f t  in  th e  u .v .  spectrum  on th e  

a d d i t io n  o f  b a se . G . l . c .  a n a ly s is  on 5 /  QF 1 200° and 4 0 n l./m in .

showed i t  to  c o n s is t  o f  two com ponents, co rresp o n d in g  to  th o se  

o b ta in e d  from  th e  th e rm a l r e a c t io n ,  Rt = 7 .0 0  and 20.75 min.

C ondensation  o f  (3 -d ine thy lan inop rop iophenone  ana n -hexaldehyde (4 6 )

A m ix tu re  o f  n -hexaldehyde ( 6 .0 g .;  0 .05m .) and p -a im e th y lam in o - 

p rop iophenone (3 .0 g . 0 .017m .) was h e a te d  under r e f lu x  f o r  1 hour a t  

1 3 3 ° . F o llow ing  th e  u s u a l w ork-up, d i s t i l l a t i o n  y ie ld e d  3 » 0 3 g .(7 7 /)  

o f  a c l e a r  o i l ,  b . p t .  128-130°/0 .1m m ., w hich showed 012 ^

( a r y l  k e to n e ) and 1728 cm (a ld eh y d e) in  th e  i n f r a  r e d  spectrum .

The n .m .r .  spectrum  h?.d an aldehyde p ro to n  s ig n a l  a t  0.40^(1x11, 

d o u b le t ,J = 2 .5 c p s )  and arom atic  p ro to n s  betw een 2 .0  and 2 .6 r(5 x H , 

m u l t ip l e t )  and g . l . c .  a n a ly s is  on 5 /  QF 1 a t  200° and 4 5 m l./m in .
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showed t h i s  t o  c o n s i s t  o f  a s in g le  p roduct,. Rt = 5»0min. This was

a s c r ib e d  th e  s t r u c t u r e  (48)* On s ta n d in g  f o r  a few h o u rs , th e  m a te r ia l

s o l i d i f i e d  and was r e c r y s t a l l i s e d  from  60-80 p e t r o l  a s  w h ite , f e a th e r y

n e e d le s ,  m .p t. 94-°. Found, 0 ,7 2 .4 6 ; H ,8.Q 9. ^ ^ H ^ O  re (lu^r e s

C>72.55; H ,8 .12/0* T his p ro d u c t showed YqIq4 1692 cm and 1707 cm

— 1and a b ro a d  0-H band betw een 3440 and 3600 cm . The n .m .r .  spectrum  

showed an a c id  p ro to n  a t  -0 ,1  t , th e  rem ainder o f th e  spectrum  b e in g  

u n a l te r e d ,  ex cep t f o r  th e  d isa p p e a ra n c e  o f  th e  aldehyde p ro to n . The 

m a te r ia l  was a ls o  b ase  s o lu b le  and was assumed on t h i s  b a s is  t o  be 

th e  co rre sp o n d in g  a c id  (47)* w ith  Rt = 1 2 .6  min. under th e  above g . l . c .  

c o n d i t io n s .

P -d im ethylam ino-p-brom opropioohenone h y d ro c h lo r id e

T h is  was p re p a re d  by th e  method o f K nott and was o b ta in e d

i n  5 j f :  y i e l d ,  m .p t. 195-6° ( e th a n o l/a c e to n e )  ( L i t .  1 9 6 ° ) .

C ondensa tion  o f  ft-dim ethylam ino-p-brom oprooiophenone (49) and c .yclo -

hexanone

The f r e e  Llannich base  (49) was o b ta in e d  from  th e  h y d ro c h lo r id e  

i n  th e  norm al manner and was i s o l a t e d  a s  a  s o l id ,  m .p t. 6 6 -7 ° (decom p.) 

(40*60 p e t r o l ) ,

A m ix tu re  o f cyclohexanone (l.47g»J- 0 .013m .) and j3 -d in e th y lam in o - - 

p -b ronoprop iophenone ( l . 2 g . ;  0 . 005m .) was re f lu x e d  f o r  30 min. a t  

1 60°. A f te r  th e  u s u a l  work-up p ro ced u re , rem oval o f  th e  ex ce ss  k e to n e
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y ie ld e d  a s o l id ,  1 . 26g. (81 f.:) , m .p t. 68-9° (40-60 p e t r o l ) .  Found,

C,57»72; H ,5 .2 4 . C ^H ^O ^E r r e q u i r e s  0 ,5 8 .2 4 ; H ,5 .54 /«  This showed
CC1 *1 *1

y  c_o^ 1^90 cm ( a r y l  k e to n e )  and 1712 cm (cyclohexanone) i n  th e

i n f r a  r e d  spectrum  and th e  e x p ec ted  n .m .r .  spectrum  w ith  an a ro m a tic

"^2^2 sy s^ em "between 2 .05  and 2 .50 t (4xH) and o th e r  p ro to n s  betw een

6 .9  and 7 » 2 ' c ( a t o  c a rb o n y l)  and 7*7 to  8 .4 T (n o rm a l). T his was th e

m o n o -a lk y la te d  p ro d u c t (5 0 )•

ft-dime thy lam in o -p -m eth y lp ro p io p h en o n e  h y d ro c h lo r id e

(3 1 )T his was p re p a re d  by th e  method o f Adamson '  '  and was o b ta in e d

i n  6 8 /  y i e l d ,  m .p t. 1 6 4 -5 ° (e th a n o l/a c e to n e )  ( L i t .  1 6 8 °).

C ondensation  o f  ft-d lm ethy lam ino-p-m ethy lprop ioohenone (51 ) and

2-m ethylcyclohexanone 

A m ix tu re  o f  p -d in e th y lam in o -p -m eth y lp ro p io p h en o n e  (5 1 ) (5 . 0 g . ; 

0 . 026m .) and 2 -m ethy lcyclohexanone ( 9*1g*j 0 .078m .) was re flu x ed , f o r  

30 min. a t  165°. A f te r  th e  norm al w ork-up p ro ced u re , d i s t i l l a t i o n  

y ie ld e d  4 .7 8 g . ( 7 l / )  o f  a p a le  y e llo w  o i l ,  b . p t .  150-5°/0.3m m . G . l . c .  

a n a ly s i s  o f th e  p ro d u c t on 5 /  QF 1 a t  200° and 45 m l./m in . in d ic a te d  

th e  p re se n c e  o f  fo u r  components o f  r e t e n t io n  tim es  11 .8 ;12 .9> 14#8  ard 

23*4 m in. r e s p e c t iv e ly  com prising  70; 10; 5 and 1 0 /  o f th e  t o t a l .

The l a s t  o f  th e s e  co u ld  be o b ta in e d  as  w h ite  n e e d le s ,  m .p t. 8 9 -  

9 0 ° , by f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  th e  crude o i l  from  e th a n o l .  

Found, C ,82 .00 ; H ,7-20 . C20H20°2 r e Gu i r e s  C ,82 .1 6 ; H ,6 .8 9 / .  T his
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compound showed Yq„q4  1686 cm in  th e  i n f r a  re d  spectrum  and had a 

p a re n t  io n  a t  m/e 292 in  th e  mass spec trum . The n .m .r  spectrum  shoT/ed 

a ro m a tic  p ro to n s  bewween 2.1 and 2 .9 't(8 x H ), arom atic  m e thy ls  a t  7*62 t  

(6x H ,s in g le t ) ,  v in y l  p ro to n s  a t  4 .1 5  and 4*45t(2xH ,tw o p eak s) and 

m ethy lene p ro to n s  betw een 6 .8  and 7* 3t(4x1I, m u l t ip l e t ) .  Double 

i r r a d i a t i o n  o f  th e  v in y l  p ro to n s  f a i l e d  to  produce any s im p l i f i c a t io n ,  

in d i c a t in g  th e  p re se n c e  o f  two d i s t i n c t  ty p e s  o f v in y l  p ro to n . 

H ydrogenation  o f  t h i s  p ro d u c t on 5 /  p a lla d iu m /c h a rc o a l i n  e th y l  a c e ta t e  

y ie ld e d  a p ro d u c t w hich showed a  m ethyl s ig n a l  a t  8 . 8 6 T i n  th e  n .m .r .  

sp ec tru m . On t h i s  b a s i s ,  th e  s t r u c tu r e  (5 6 ) i s  p rop o sed  f o r  th e  

p ro d u c t.

S e p a ra t io n  o f  th e  th r e e  rem ain in g  com ponents of th e  m ix tu re  was 

e f f e c t e d  by p r e p a r a t iv e  t . l . c .  These Y/ere shown by com parison  o f  

s p e c t r a l  d a ta  and g . l . c .  r e t e n t io n  tim e s  w ith  th o se  o f  a u th e n tic  

sam ples to  be (5 2 ) ,  (5 3 ) and (5 4 ) r e s p e c t iv e ly .

C o ndensa tion  o f  p - t o l y l  v in y l  k e to n e  (55) and th e  enamine ( 6 )

The v in y l  k e to n e  was o b ta in e d  from  th e  c o rre sp o n d in g  H annich b ase  

(5 1 ) by  steam  d i s t i l l a t i o n  and e th e r  e x t r a c t io n .  The enamine was 

p re p a re d  as  d e s c r ib e d  e a r l i e r .

A m ix tu re  o f  th e  enamine (6 ) (2 .5 g .J  0 .015m .) and th e  v in y l  k e to n e  

(55) ( l . 6 5 g . ;  0 . 015m .) in  dry  benzene (15m l.)  was r e f lu x e d  f o r  24 h r s .  

i n  a  s tream  o f  d ry  n i t ro g e n .  A b u f f e r  s o lu t io n  o f g l a c i a l  a c e t i c  a c id  

(7 . 5m l .) ,  Trater ( 7 . 5m l.)  and sodium a c e ta te  (3 *85g«) was added and
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r e f lu x in g  c o n tin u e d  f o r  a f u r th e r  4  h o u rs . On c o o lin g , th e  benzene

la y e r  was s e p a ra te d  and th e  aqueous l a y e r  e x t r a c te d  v /ith  ben zen e . The

benzene  e x t r a c t s  w ere washed w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  s a tu r a t e d  

sodium b ic a rb o n a te  s o lu t io n ,  w a te r  and d r ie d .  Removal o f  th e  s o lv e n t 

and  d i s t i l l a t i o n  o f  th e  r e s id u e  y ie ld e d  2 .7g® (68 /) o f a p a le  y e llo w  

o i l ,  b . p t .  150- 3° / 0 . 3mm., w hich s o l i d i f i e d  on s ta n d in g  to  g iv e  a  

s o l i d ,  m.pt® 6 8 -9 ° ( p e t r o l ) .  Found, 0 ,7 8 .7 7 ; H ,8.77« ^j-7^22^2 r e Gu i r e s  

C ,7 9 .0 3 ; H ,8 . 587S. This showed Yq^q^ *1688 cm  ̂ ( a r y l  k e to n e )  and
-j

1712 cm (cyclohexanone) in  th e  i n f r a  r e d  spectrum  and m ethyl s ig n a l s  

a t  7*65 t ( 3 x H ,s in g le t)  f o r  th e  a ro m a tic  m ethyl and 9®07 t(3 x H ,d o u b le t,  

J= 6cps) f o r  th e  seco n d ary  m ethyl in  th e  n .m .r .  spectrum . G . l . c .  

a n a ly s i s  on 5 /  QF 1 a t  200° and 4 5 m l./m in . showed a s in g le  peak  o f

R t = 1 1 .8  min. T his was th e  2 ,6 - s u b s t i tu t e d  p ro d u c t (5 2 ) .

2(3t-P°methylphenyl-31-oxoprop .y l)cyclohexanone (53)
A m ix tu re  o f  j3 -d im ethy lam ino-p-m ethy lprop iophenone (51) (2 .4 g « ;

0 .013m .) and cyclohexanone (4*5g®; 0 .04m .) was r e f lu x e d  f o r  30 m in.

a t  1 60°. F o llow ing  th e  u s u a l w ork-up p ro c e d u re , th e re  was o b ta in e d , on

d i s t i l l a t i o n ,  2 .5g®(8 2 /)  o f  p ro d u c t, b . p t .  150-5°/0 .3m m ., w hich

s o l i d i f i e d  on s ta n d in g  to  g iv e  a w h ite  s o l id ,  m .p t. 7 8 -7 8 .5 °  (b e n z e n e /

p e t r o l ) .  Found, 0 ,7 8 .6 6 ; 11,8.20. C.^H -0_ r e q u ir e s  0 ,7 8 .6 5 ; H ,8 .2 5 / .
16 20 2

CC1 —1 —1T his showed y n n4 1686 cm ( a r y l  k e to n e )  and 1711 cm (cy clohexanone) C=U

in  th e  i n f r a  r e d  spectrum . G . l .c .  a n a ly s i s  on 5 /  QF 1 a t  200° and 

4 5 m l./m in . showed a  s in g le  peak , Rt = 12 .9  min.
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C ondensation  o f  2 -iae th y lcy c1ohexanone and p - t o l y l  v in y l  ke to n e  (55)

A m ix tu re  o f  2 -m ethy lcyclohexanone (2 .4g» ; 0 .02m .) and p - t o l y l  

v in y l  k e to n e  (1 *55g*; 0 .01m .) was condensed  in  th e  norm al manner in  

th e  p re se n c e  o f  e th a n o l ic  p o ta ss iu m  h y d ro x id e , from  p o ta ss iu m  

hy d ro x id e  (0 .33g*) i n  e th a n o l(1 .3 m l . ) .  The u s u a l w ork-up gave 1 .4 2 g . 

(5 2 /)  o f p ro d u c t, b . p t .  150-5°/0.3m m . T h is  showed a s in g le  peak; by 

g . l . c .  a n a ly s i s ,  Rt = 1 4 .8  m in. on 5 /  QF 1 a t  200° and 4 5 m l./m in .
C c i —"i

The i n f r a  r e d  spectrum  showed yq_q4 1689 cm ( a ry l  k e to n e )  and 
-11710 cm (cyclohexanone) and th e  n .m .r .  spectrum  gave a  s in g le t  

m ethy l reso n an ce  a t  8 . 89T.

2-m ethy lc.yclohep tanone (66)
(48)

This was p re p a re d  by th e  method o f  I.IcKillop and was o b ta in e d
o

i n  56/  y i e l d ,  as  a  c o lo u r le s s  o i l ,  b . p t .  73-8 /20mm*

C ondensa tion  o f  P -d im ethy lam inoprop iophenone and 2 -m eth y lcy c lo h ep tan o n e  

A m ix tu re  o f  P -d im ethy lam inoprop iophenone ( 2 .8 g . ;0 .0 l6 m .) and

2 -m eth y lcy c lo h ep tan o n e  (66) ( 6 .0 g , ;  0 . 05m .) was r e f lu x e d  f o r  45 m in. 

a t  170°. The norm al work-up p ro ced u re  y ie ld e d ,  on d i s t i l l a t i o n ,  1 .2 g . 

(3 0 /)  o f  p ro d u c t, b . p t .  150-5°/0.25mm. G . l .c .  a n a ly s i s  showed t h i s  

t o  c o n s i s t  o f fo u r  components o f  r e t e n t io n  tim es  4*5; 7*4; 8 .4 ;  and  

1 1 .3  m in. on 1 /  SB 30 a t  175° and 5 5 m l./m in ., am ounting to  30; 15;

5 ; and 5 0 /  o f  th e  t o t a l  r e s p e c t iv e ly .  A ttem pts to  s e p a ra te  th e s e  

by p r e p a r a t iv e  t . l . c .  were n o t co m p le te ly  s u c c e s s fu l  and i d e n t i f i c a t i o n  

o f  th e  p ro d u c ts  was e f f e c te d  by gas chrom atograph/m ass sp e c tro m e te r



a n a ly s i s  on 1 /  SE 30* T his showed th e  p eaks  to  have m o le c u la r  w e ig h ts  

o f  (a )  230 ; (b) 258; (c )  258 and (d ) 264 . (a )  Y7as found t o  have 

i d e n t i c a l  mass spectrum  and g . l . c .  r e t e n t io n  d a ta  to  th e  mono- 

a lk y la te d  cyclohexanone (7 ) ,  a r i s i n g  from  an im p u rity  o f  cy c lo h ex 

anone i n  th e  s t a r t i n g  k e to n e , (d ) com pared in  b o th  mass s p e c t r a l  

c ra c k in g  p a t t e r n  and g . l . c .  r e t e n t io n  tim e s  to  th e  d im eric  form  o f  

phen y l v in y l  k e to n e  (7 5 ) i s o l a t e d  p re v io u s ly ,  (b) and ( c ) ,  on th e  

b a s i s  o f  t h e i r  m o lecu la r Y reights, a re  p resum ably  th e  two iso m e ric  

m o n o -a lk y la ted  m e th y lcy c lo h ep tan o n es  (6 7 ) and (6 8 ).

C ondensation  o f  B -dim ethy lam inoprop iophenone and menthone (69 )

A m ix tu re  o f menthone (9*24g*5 0 .0 6 m .) and  p -d im e th y lam in o p ro p - 

iophenone (3®54g*; 0 .02m .) was r e f lu x e d  f o r  30 min. a t  200°.

F o llow ing  th e  u s u a l  w ork-up, 2 .3 4 g . (31%) o f a y e llo w  o i l ,  b . p t .  

l60 -5°/0 .5m m , was o b ta in e d  on d i s t i l l a t i o n .  G .l .c  a n a ly s i s  on 5% QF 1 

a t  200° and 45m l./m in . shoTred t h i s  to  c o n s is t  l a r g e ly  o f a  s in g le  

p ro d u c t,  Rt = 1 0 .6  min. P u r i f i c a t io n  o f t h i s  m a te r ia l  by p r e p a r a t iv e  

t . l . c .  y ie ld e d  a  s o l id ,  m .p t. 128° (b e n z e n e /p e tro l) .  T his was shown 

to  be th e  d im e rise d  pheny l v in y l  k e to n e  (7 5 ) , by com parison  w ith  an 

a u th e n t ic  sample from  a n o th e r  so u rc e , by mixed m e ltin g  p o in t  and 

c o rre sp o n d in g  g . l . c .  d a ta .

C ondensation  o f  p -d im ethy lam inoprop iophenone and 2 ,6 -d im e th y lc y c lo 

hexanone ( 7 0 )

A m ix tu re  o f  p -d im ethylam inopropiophenone (2.1 g . ;  0 ,012m .) and
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2 ,6 -d im e th y lcy c lo h ex an o n e  (4.5g*> 0 . 036m .) v/as r e f lu x e d  f o r  45 m in.

1 60°. A f te r  th e  norm al w ork-up, d i s t i l l a t i o n  a f fo rd e d  1.2g.(40^>) o f  

p ro d u c t ,  "b .p t. 157-163°/0.3mm. G -.l.c . a n a ly s i s  o f t h i s  on 5/6 QF 1 a t  

200° and 55ml » / rni n * showed th e  p re sen ce  o f  two com ponents, F t = 7*8 

and 9 .6  m in ., i n  th e  r a t i o  1:2* A ttem pts to  s e p a ra te  th e s e  “by 

ch ro m ato g rap h ic  methods were u n s u c c e s s fu l ,  b u t gas ch ro m a to g rap h / 

mass sp e c tro m e te r  a n a ly s i s  on 1 /  SE 30 gave t h e i r  m o lecu la r w e ig h ts  

a s  258 an d  264 r e s p e c t iv e ly .  The f i r s t  co rresp o n d s  to  th e  mono

a lk y la te d  p ro d u c t (71) and th e  o th e r  to  th e  phenyl v in y l  k e to n e  dim er

( 7 5 ) .

C ondensation  o f  8 -d im ethy lam inoprop ionhenone and m ethyl n-am yl k e to n e (72) 

A m ix tu re  o f [3-dim ethylam inopropiophenone (3«5s»J 0 .02m .) and 

m ethy l n-am yl k e to n e  (7 2 ) (7 * 0 g .; 0 .0 6 m .) was r e f lu x e d  f o r  2 h o u rs  

a t  1 5 0°. F o llow ing  th e  u s u a l w ork-up p ro c e d u re , d i s t i l l a t i o n  gave 

2 .8 g . (5 7 /)  o f  a  p a le  r e d  o i l ,  b . p t .  165-70°/0.3m m . G -.l.c . a n a ly s i s  

shoY/ed t h i s  to  c o n s is t  o f  one m ajor and two m inor com ponents, Rt =

4«3j 6 .0  and 13*5 m in. on 1 /  SE 30 a t  175° and 4 5 m l./m in ., co m p ris in g  

10; 85 and 5 /  o f  th e  t o t a l  p ro d u c t r e s p e c t iv e ly .  The l a s t  was i d e n t i f i e d  

"by g . l . c .  r e t e n t io n  tim e as th e  dim er (7 5 ) .  The o th e r  two were shown 

by  gas chrom atograph/m ass sp e c tro m e te r  a n a ly s i s  b o th  to  have th e  

e x p e c te d  m o lecu la r w eigh t 246 f o r  m o n o -a lk y la tio n . The fo rm er, how ever, 

showed th e  c h a ra c te ris tic  peaks a t  m/e 71 and 147, e x p ec ted  from  th e  

s t r u c t u r e  (7 4 ). These v;ere ab sen t in  th e  o th e r  which showed a peak  a t  

m/e 203 , c o rre sp o n d in g  to  the  iso m eric  { 7 3 ) •
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C o n d e n sa tio n  o f  8 —dinethy lam inop rop iophenom e an d  n e s i t y l  o x id e  (7 6 )

A m ix tu re  o f  m e s i ty l  o x id e  (7 6 ) (7 .1 g .$  0 .0 7 3 a .)  and  p - d im e th y l -  

am inop rop iophenone  (4 . 0g . ;  0 . 024m .) was r e f lu x e d  f o r  2 h o u rs  a t  130° .  

The norm al w ork-up p ro c e d u re  y ie ld e d  on d i s t i l l a t i o n  3 .6 p g . ( 69/ )  o f  

a  p a le  y e l lo w  o i l ,  b . p t .  19 0 -5 ° /0 .9 m n . Found, 0 ,7 8 .0 5 ; H ,7*98.

^15^18^2 r e l u -̂rGS c >78.23; H ,7 *88/ .  G . l . c .  a n a ly s i s  o f  t h i s  showed i t  

t o  c o n s i s t  o f  one m ajo r p ro d u c t,  Rt = 9*0 m in. on 1 fa SE 30 a t  150° 

and  4 5 H l* /n iin . and 1 8 .2  m in. on ^  QF 1 a t  175° and 45131 . /m in .  Gas 

ch ro m a to g rap h /m ass  s p e c tro m e te r  a n a ly s i s  showed t h i s  t o  have m o le c u la r  

w e ig h t 230 and had  a s  b a se  peak  m/e 8 3 . P r e p a r a t iv e  t . l . c .  f u r n i s h e d  

a  s o l i d  sam p le , m .p t .  94° (m e th a n o l) , w hich showed i n  th e  n .m .r .  

sp ec tru m  a ro m a tic  p ro to n s  betw een  2 .0  and 2 . 7 t(5xH , m u l t i p l e t ) ,  a  v in y l  

p ro to n  a t  3• 8 4 t / 1 x H , b ro a d )  and m ethy l s ig n a l s  a t  7*86 and 8 . 1 5 t ( 3 x H ,

f i n e l y  s u b s p l i t  s i n g l e t s ) .  The i n f r a  r e d  spec trum  had  a  s in g le

CC1 —1
c a rb o n y l p e a k , Y ^_ q4 1685 cm (b ro a d e n e d ) .

C o n d en sa tio n  o f  p -d im e th y lam in o p ro p io p h en o n e  and iso p h o ro n e  (7 8 )

A m ix tu re  o f  iso p h o ro n e  (7 8 ) ( 7 .0 g . ;  0 .051m .) and p -d im e th y l-  

am inoprop iophenone (3»0g»; 0 o017m .) was r e f lu x e d  f o r  1 h o u r  a t  200 . 

F o llo w in g  th e  u s u a l  w ork-up , d i s t i l l a t i o n  o f  th e  r e s id u e  y ie ld e d  

3 * 2 4 g . ( 7 l / )  o f  a - r e d  o i l ,  b . p t .  200-220°/0*25mm. G . l . c .  a n a l y s i s  on 

5 f : Q F 1  a t  200° and 4 5 m l./m in . showed th e  p re se n c e  o f  two m a jo r and  

th r e e  m inor com ponents, Rt = 9*8, 1 2 .1 , 1 6 .8 ,  2 0 .8 , and 2 o .5  m in.
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a c c o u n tin g  f o r  1 5 , 5 , 35 , 35 and 5 /  o f  th e  t o t a l  r e s p e c t iv e ly .

T r i t u r a t i o n  o f  th e  c ru d e  d i s t i l l a t e  w ith  e th e r  y ie ld e d  a  w h ite ,

c r y s t a l l i n e  p ro d u c t,  m .p t. 183° (m e th an o l) , c o rre sp o n d in g  to  th e

f o u r th  p ro d u c t on g . l . c .  a n a ly s i s .  Found, C ,75*71; H ,6 .7 4 . ^ g ^ 2 0 ^ 3

r e q u i r e s  C ,7 6 .0 3 , H,7.09%. The i n f r a  r e d  spectrum  showed 1688

-1and 1733 cm and o n ly  a r y l  k e to n e  a b s o rp tio n  was v i s i b l e  in  th e  

u l t r a  v i o l e t  spec trum . The mass spectrum  confirm ed  th e  m o lecu la r 

w eig h t a s  284 and th e  n .m .r .  spectrum  had th r e e  s in g le t  m ethyl s ig n a l s  

a t  8 ,7 2 , 8.91 and  9-01 T a n d  a sharp  1xH t r i p l e t  a t  6 .1 7  s (J= 8 .8 c p s ) , 

b u t no v in y l ic  s ig n a l .  S e p a ra t io n  o f  th e  o th e r  m ajor p ro d u c t was 

e f f e c t e d  by  p r e p a r a t iv e  t . l . c . ,  a lth o u g h  a sample o f a n a l y t i c a l  p u r i t y  

c o u ld  n o t be o b ta in e d . T his showed a v in y l  p ro to n  a t  4#18t  and two

m ethy l s ig n a l s  a t  7*8 8 t ( 3 x H , s i n g l e t ) and  9•01 ^ (6 x H ,s in g le t)  in  th e

CC1 -1n .m .r .  spec trum . The i n f r a  r e d  spectrum  showed y^_^4 1668 and 1685 cm

and, on th e  b a s i s  o f th e s e  d a ta  and com parison  w ith  an a n a ly t i c a l

sam ple i s o l a t e d  from  a n o th e r  so u rc e , t h i s  was a s c r ib e d  th e  s t r u c t u r e

(85) .

C ondensation  o f  iso p h o ro n e  an d B -d im ethy lan ino-p -b ro riop rop io 'ohenone (49) 

A m ix tu re  o f iso p h o ro n e  ( l 0 .3 g . ;  0 .075m .) and (3-d im e th y la m in o -p - 

brom opropiophenone ( 5 .6 g . ;  0 .0 2 5 m .) was r e f lu x e d  f o r  30 m in. a t  200°. 

F o llow ing  th e  n o rn a l  work -  up , th e r e  was o b ta in e d  4»9 7 g .(6 0 /j) o f 

p ro d u c t a s  a d a rk  r e d  o i l .  T r i tu r a t i o n  o f  t h i s  w ith  e th e r  y ie ld e d  a
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w h ite  • s o l i d ,  around  35/-’ o f th e  t o t a l  "by w e ig h t, m .p t. 173-4° (m e th a n o l) .

Found, C ,5 9 .0 9 ; H ,5 .3 9 . C^gH^O^Br r e q u i r e s  C ,59*50; H,5.27/6. This
Cci —1

showed Yq_q4 1684 and 1735 cm in  th e  i n f r a  re d . spectrum  and a

s im i la r  n .m .r .  spectrum  to  th e  c o rre sp o n d in g  p ro c u c t i s o l a t e d  in  th e

p re v io u s  ex p erim en t, w ith  th r e e  m ethyl re so n an ces  a t  8 . 70 , 8 .8 9 , and

9.00T , a ro m a tic  p ro to n s  as  an  system  betw een 2 .2  and 2.6'T, and

a  1x11, t r i p l e t  a t  6 .1 7 ^ (J=  8 c p s ) .

T rea tm en t o f  (80) w ith  sodium in  d eu te riu m  ox ide

A sam ple o f  (80) (35m g.) in  d ry  d ioxan  (2 m l.)  was s t i r r e d  i n  a 

s tream  o f d ry  n i t r o g e n  f o r  1-y h o u rs  w ith  a  s o lu t io n  o f  sodium ( 25mg*) 

i n  d eu te riu m  o x ide  (1 m l.)  a t  5 0 -6 0 ° . The m ix tu re  was c o o le d , th e  

v d io x an  removed u n d er red u ced  p re s s u re  and th e  aqueous s o lu t io n

e x t r a c te d  w ith  c h lo ro fo rm . The ch lo ro fo rm  e x t r a c t s  were w ashed w ith  

d eu te riu m  o x id e , d r ie d  and th e  ch lo ro fo rm  removed. The n .m .r .  spectrum  

o f  th e  r e s u l t a n t  s o l id  showed th e  lo s s  o f  th e  t r i p l e t  a t  6 .1 7 ^ .

P re p a ra t io n  o f  th e  enam ine (86)

T h is  was p re p a re d  i n  53/^ y i e l d  by a method s im i la r  to  t h a t  u se d  

by  O pitz  The p ro d u c t was o b ta in e d  a s  a  p a le  y e llo w  o i l ,  b . p t .

100-5 °/0.2m m . and showed Xmax = 275m|d (8= 12 ,000 ) ( L i t .  Xrnax = 277mM- 

(6= 1 2 ,8 0 0 ) . The p ic r a te  was o b ta in e d  as  y e llo w  n e e d le s ,  m .p t. 134-5° 

( e th a n o l ) .  Found, C ,50 .89 ; H ,5 .7 3 . c-j8H34N4°8 re(lu i r e s  c >50.94;

H ,5.70/6.



C ondensa tion  o f  th e  enamine (86) w ith  phen y l v in y l  k e to n e

A m ix tu re  o f  pheny l v in y l  k e to n e  ( l  * 5 g .; 0 .011m .) and th e  enam ine 

(86 ) (2 • 5 g .J  0 .011m .) i n  d ry  benf£ne (30m l.)  was r e f lu x e d  f o r  24 h o u rs  

i n  a  s tre a m  o f  d ry  n i t r o g e n .  A b u f f e r  s o lu t io n  o f  g l a c i a l  a c e t ic  a c id  

(7 .5 m l . ) ,  w a te r  ( 7 .5 ^ 1 .)  and sodium a c e ta te  (3*75g .) was added and 

r e f lu x in g  c o n tin u e d  f o r  a f u r th e r  4  h o u rs . The m ix tu re  was. c o o le d  and 

th e  benzene and aqueous la y e r s  s e p a ra te d . The aqueous la y e r  was 

e x t r a c te d  w ith  benzene and th e  com bined benzene e x t r a c t s  washed w ith  

1 0 /  h y d ro c h lo r ic  a c id ,  s a tu r a te d  sodium b ic a rb o n a te  s o lu t io n ,  w a te r  

and d r ie d .  Removal o f  th e  s o lv e n t y ie ld e d ,  on d i s t i l l a t i o n ,  2 .1 Og. 

(69/<>) o f  a  p a le  y e llo w  o i l ,  b . p t .  155-16 0 ° /0 .01 mm. G -.l.c . a n a ly s i s  on 

5/4 QF 1 a t  200° and  45 m l./m in . showed th e  p resen ce  o f one m ajor and 

th r e e  m inor p ro d u c ts ,  Rt = 9 .8 ,  1 2 .1 , 1 6 .8  and 25 .0  m in ., a c c o u n tin g  

f o r  55 , 20, 10 and 1 0 /  o f  th e  t o t a l  r e s p e c t iv e ly .  S e p a ra tio n  o f th e s e

was e f f e c t e d  by p r e p a ra t iv e  t . l . c .  in to  th r e e  f r a c t i o n s .  The f i r s t ,

CC1 —1c o n s is t i n g  o f  th e  f i r s t  two p eak s , showed Yq__q4 1665 and 1689 cm

i n  th e  i n f r a  r e d  spectrum  and a p a re n t io n  a t  m/e 270 on gas chrom a

to g rap h /m ass  sp e c tro m e te r  a n a ly s i s .  In  a d d i t io n  th e  n .m .r .  spectrum  

had  m ethy l s ig n a ls  a t  9 . 0 2 t ( 6 x H , s i n g l e t ) and 7 .7 8 t(3 x H ,s in g le t)  and 

no v in y l - p r o to n .  Found, 0 ,7 9 .8 8 ; H ,8 .2 3 . ^ 3^ 22^2 r e G.u^r e s  C ,79«96;

H ,8 .2 0 /4  T his has been  g iv en  th e  s t r u c tu r e  (84 ) .  The l a s t  component 

by  g . l . c .  c o u ld  n o t be i s o l a t e d  in  a s u f f i c i e n t l y  pu re  s t a t e  to  

a s c r ib e  a f ix e d  s t r u c t u r e ,  b u t th e  n .m .r .  spectrum  showed th r e e
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d i s t i n c t  m ethyl s ig n a ls  a t  7#65 , 8 .8 3  and 9«08To This a l s o  showed a

p a re n t io n  a t  m/e 270 and i s  t e n t a t i v e l y  a s c r ib e d  th e  s t r u c tu r e  (87 ) .

CC1 —1The t h i r d  g . l . c .  p ro d u c t showed Yq_q4 1669 and 1686 cm i n  th e  i n f r a

r e d  spectrum  and i t s  n .m .r*  spectrum  showed a  v in y l  p ro to n  a t  4 . 0 7 t

and m ethy l s ig n a ls  a t  7 . 80t ( 3x H ,s in g le t )  and 8 . 9 8 t ( 6 x K , s i n g l e t ) .

Found, C ,79*88; H ,8.15* ^*j8^°2^2 r e l u^r e s  0 ,79*96 ; H,8 .2 0 / .  T his was 

th e  m o n o -a lk y la te d  p ro d u c t (8 5 ) .

C ondensation  o f  8 -d im ethy lam inoprop iophenone and 3 -m ethy lcyclohexenone 

A m ix tu re  o f  3 -m ethy lcyclohexenone (9*0 ( 6 .6 g .;  0 . 06m .) and 

{3 -d im ethy lam inoprop iophenone ( 3 *54&*S 0 .02m .) was r e f lu x e d  f o r  45 m in. 

a t  200°. Fo llow ing  th e  norm al w ork-up p ro c e d u re , th e re  was o b ta in e d , 

on d i s t i l l a t i o n ,  3 * 5 2 g .(7 l / )  of an o i l ,  b . p t .  154-8°/0 .2m n. Found, 

0 ,79*25; H,7.Z*-6. O^gK g0^ r e q u i r e s  0 ,7 9 .3 1 ; 11,7*49/3* G -.l.c . a n a ly s i s  

on 5 /  QF 1 showed th e  p re sen ce  o f  one m ajor and two m inor com ponents, 

R t = 11 .5 ,14*1  and 18 .8  m in. a t  200° and 45m l./m in . co m p ris in g  10 ,

60 and 2 5 /  o f th e  t o t a l  r e s p e c t iv e ly .  A ttem pts to  s e p a ra te  th e s e  by 

p r e p a r a t iv e  t . l . c .  were u n s u c c e s s fu l .  An n .m .r .  spectrum  o f  th e  crude  

m ix tu re  showed a v in y l  p ro to n  a t  4 .15T , a t r i p l e t  c e n tr e d  on 6.30t 
(J= 8cps) and two m ethyl s ig n a l s ,  a t  9 .13  t ( s i n g l e t ) and 8 .0 6 T (d o u b le t,  

J= 2 c p s ) ,

10-methyl-A** ,^ -o c ta lo n e ~ 2  (94)

T his was p re p a re d  in  55/- y i e ld  by th e  method o f  Ross I t  was

o b ta in e d  as a c l e a r  o i l ,  b . p t ,  74 -8°/0 .25m m ., Rt = 15*9 m in. on 1 0 /
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APL a t  150° and 5 5 m l./m in . The n .m .r .  spectrum  showed a  m ethy l s ig n a l  

a t  8 . 7 7 l ( 3 x  H ,s in g le t )  and a v in y l  p ro to n  a t  4 . 281(1 x ll ,b ro a d  s i n g l e t ) .

C ondensa tion  o f  3 -d i m ethylam inopropiophenone and th e  o c ta lo n e  (94)
 ̂ • Q

A m ix tu re  o f  10 -m eth y l-A  - o c ta lo n e -2  (94) ( 5 .0 g . ;  0 .033m .) and

{3-dim ethylam inopropiophenone (l.7 /7g* ; 0 . 01m .) was r e f lu x e d  f o r  1 hour

a t  200° .  On w ork-up , th e r e  was o b ta in e d  2 . 1g . (61/ )  o f  p ro d u c t, b . p t .

1 77 -18 0 ° /o .25mm., a s  a c l e a r  v is c o u s  o i l .  G -.l.c . a n a ly s is  on 1 /  QF 1

a t  200° and 50m l./m in . showed i t  t o  c o n s i s t  o f  one m ajor and two m inor

p ro d u c ts ,  Rt = 4*0, 9*8 and 1 6 .3  m in ., a c c o u n tin g  f o r  1 0 ,7 5  and 15 /

o f  t o t a l  r e s p e c t iv e ly .  The m ajor p ro d u c t, which co u ld  be i s o l a t e d  by

p r e p a r a t iv e  t . l . c . ,  showed a s in g le  c a rb o n y l a b s o rp tio n  in  th e  i n f r a  
r n  —i

re d  spec trum , Yq_q^- 1684 cm • Found, C ,80 .8 5 ; H ,8 .15- ^20^24^2 

r e q u i r e s  C ,81 .04 ; H ,8 . 16/ .  The n .m .r .  spectrum  had a ro m a tic  p ro to n s  

betw een  2 .0  and  3 * 0 t(5 x ! I ,m u lt ip le t) ,  a m ethy l s ig n a l  a t  8 .7 9 t(3 x H , 

s i n g l e t )  and no v in y l  p ro to n . This co rre sp o n d s  to  th e  m o n o -a lk y la ted  

p ro d u c t (96 ) .  A ttem pts to  i s o l a t e  e i t h e r  o f  th e  m inor com ponents was 

u n s u c c e s s fu l .

P r e p a ra t io n  o f  th e  enamine (97)

A m ix tu re  o f 10 -m ethy l-A *‘^ -o c ta lo n e -2  (94) ( 2 .8 g . ;  0 .017m .) and 

m orpho line  (4 .5 g .J  0 .031m .) in  to lu e n e  (30m l.)  was r e f lu x e d  u n d er 

a z e o tro p ic  d i s t i l l a t i o n  f o r  38 h o u rs . Removal o f th e  s o lv e n t and 

e x c e ss  m orpholine and d i s t i l l a t i o n  o f th e  re s id u e  y ie ld e d  2 . 5g . ( 62/ )
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o f  a p a le  y e llo w  o i l ,  b . p t .  '110-5°/0 .25m m ., which was t r a n s p a r e n t  i n  

th e  i n f r a  r e d  c a rb o n y l r e g io n .  The u .v .  spectrum  showed Amax = 265mju 

(€= 1 2 ,0 0 0 ) and a p i c r a t e  was o b ta in e d , m .p t.139-140° ( e th a n o l) .

G -.l.c . a n a ly s i s  showed th e  p re se n c e  o f  two isom ers> Rt = 6 .3  and 8 .8  

m in. on 5 /  APL a t  150° and 55m l./m in . in  th e  r a t i o  6 :1 .

C ondensation  o f th e  enamine (97) and p heny l v in y l  ke tone

A m ix tu re  o f th e  enamine (97) (l*15g* j 0 .005m .) and pheny l v in y l  

k e to n e  (700mg.; 0 . 005m .) in  d ry  benzene (2 0 m l.) was r e f lu x e d  f o r  24 

h o u rs  in  a s tream  o f d ry  n i t ro g e n .  4m l. o f  th e  u s u a l a c e ta te  b u f f e r  

s o lu t io n  were added and r e f lu x in g  c o n tin u e d  f o r  a f u r th e r  2 h o u rs .

The m ix tu re  was c o o led  and, fo llo w in g  th e  u s u a l enamine w ork-up, 

d i s t i l l a t i o n  gave 1 .0 2 g . ( 6 l / )  o f a c l e a r  v isc o u s  o i l ,  b . p t .  1 8 2 -7 ° /

0.35mm. G . l . c .  a n a ly s i s  showed th e  p redom inan t p ro d u c t to  c o rre sp o n d  

t o  t h a t  i s o l a t e d  from  th e  th e rm a l r e a c t io n .  The n .m .r .  o f  a  sam ple, 

i s o l a t e d  by  p r e p a r a t iv e  t . l . c . ,  a g a in  showed no v in y l  p ro to n , a 

m ethy l s ig n a l  a t  8 . 83t (3xH ,s i n g l e t ) and  a ro m a tic  p ro to n s  betw een 2 .0  

and 2 .7 t{5xH,m u l t i p l e t ) .
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APPH'ID-lX

X -ray a n a ly s i s  cf 2 -p -b rom obenzoy l-,1 ,5 t5 - t r im e th y lb io y c lo (2 .2 » 2 ) o c ta -

6 ,8 -d io n e  (79)

T h is  work was u n d e rta k e n  "by D rs. A.P.Cameron and G-.Perguson

The u n i t  c e l l  d im ensions were d e te rm in ed  from  o s c i l l a t i o n  and
o

Tffieisseriberg p h o to g rap h s ta k e n  w ith  Cu-Ka r a d ia t io n  (X=*W5VI8A) and
o

from  p re c e s s io n  p h o to g rap h s ta k e n  w ith  ho-X oc r a d ia t io n  (X =0.7107A ).

sp e c s  group  was u n iq u e ly  d e te rm in ed  from  th e  sy s te m a tic  ab sen ces  

o b se rv ed  in  th e  OkO and hOl s p e c tr a .

I n t e n s i t y  d a ta  were o b ta in e d  from  e q u a to r ia l  and e q u i - i n c l i n a t i o n  

W eisseriberg p h o to g rap h s , ta k e n  from  a sm all c r y s t a l  r o t a t i n g  about th e  

c_-axis, u s in g  th e  m u lt ip le  f i lm  te c h n iq u e . Some 2000 d a ta  were e s t im a te d  

v i s u a l ly  by com parison  w ith  a c a l i b r a t e d  wedge and were c o r r e c te d  f o r  

L o ren tz  and p o la r i s a t i o n  f a c t o r s ,  Xo allow ance  was made f o r  a b s o rp tio n  

and  unobserv ed  r e f le x io n s  were n o t c o n s id e re d .

The p o s i t i o n  o f  th e  brom ine atom was found  by P a t te r s o n  methods and 

th e  o th e r  non-hydrogen  atoms w ere found  from  th e  f i r s t  e l e c t r o n -  

d e n s i ty  d i s t r i b u t i o n ,  c a lc u la te d  w ith  th e  o bserved  a m p litu d es  and 

th e  s ig n s  a p p ro p r ia te  to  th e  brom ine atom . The atom ic p a ra m e te rs  have 

been  r e f in e d  by f u r t h e r  e le c t r o n  d e n s i ty  c a l c u la t io n s  and by ( f u l l  

m a tr ix )  l e a s t - s q u a r e s  m ethods. The v a lu e  o f R i s  0.099*

The s t r u c tu r e  and con fo rm atio n  o f th e  m olecule a re  shown in  P ig  I  

and a l i s t  o f  c r y s t a l  d a ta  i s  g iv en  below .
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CRYSTAL DATA:

lio le c u la r  fo rm u la  -  Cl8 H19°3Br

lio le c u la r  w eigh t -  3&3

m o n o c lin ic

a  -  17.71 ±  0 .0 5 A

b -  9 .2 3  ^  0.02A
o

c -  1 0 .6 3 + 0 .0 3 A

P -  1 0 6 .5 °  ± 0 . 2 °
o 3

Unic c e l l  volume -  1669 A

No. o f  m o le c u le s /u n it  c e l l  -  4

Space group -  P2^/c

No. o f  i n t e n s i t i e s  e s t im a te d  -  1828

D e n s i ty .-  1 .44g .cm  ^ (by f l o t a t i o n  in  Kl/H^O s o lu t io n )  

•D ensity ( c a l c . )  -  1 .4 4 g .c n f^



F ig  I
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SYNTHETIC APPROACHES TO AIT INTERMEDIATE 

IN SESQUITERPENE BIOGENESIS
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INTRODUCTION:

In r e c e n t  y e a rs  th e  s e s q u ite rp e n e s ,  w ith  t h e i r  w idely  

d iv e rg e n t s t r u c t u r a l  fo rm s, have p ro v id ed  a m ajo r f i e l d  f o r  

o rg a n ic  r e s e a r c h .  T h is group o f su b s ta n c e s , c o n s tru c te d  from 

o n ly  f i f t e e n  carbon atom s, shows a  g r e a te r  d iv e r s i t y  o f s t r u c tu r e s  

th a n  any o th e r  c la s s  o f  te rp e n o id s  and r a i s e s  a f a s c in a t in g  range  o f 

p rob lem s. Both s t r u c t u r a l  e lu c id a t io n  and s y n th e s is  have been 

co m p lica ted  by rea rran g e m en ts  and work on th e  s u b je c t  has p ro v id ed  

th e  b a s is  f o r  a number o f rev iew s

A m ajor group o f s e s q u ite rp e n e s  p o sse sse s  th e  b ic y c lo  (5*3*0) 

o r  g u a ian e  s k e le to n  ( l ) ,  which i s  found to  e x i s t  in  a  v a r ie ty  

o f  s t r u c t u r a l  m o d if ic a t io n s .  I n  a d d i t io n  to  t h i s  la rg e  group, 

th e re  e x i s t s  a n o th e r  group o f s e s q u ite rp e n e s ,  based  on th e  b ic y c lo  

( 5 . 5 . 0 ) s k e le to n ,  which would ap p ea r a t  f i r s t  s ig h t  to  be a sub

group o f th e  guaiane  c l a s s .  T h is  i s  th e  daucane c la s s  ( 2 ) ,  

w hich d i f f e r s  m arkedly  from th e  g u a ian es  in  th e  p o s i t io n  o f  th e  

m ethyl and is o p ro p y l f u n c t io n s ,  and i s ,  in  f a c t ,  a d i s t i n c t  

s e s q u ite rp e n e  c la s s  in  i t s  own r i g h t .  Only th r e e  n a tu r a l ly  

o c c u r r in g  compounds in  t h i s  c la s s  have been i s o la te d :  c a ro to l

( 3) ;  dauco l ( 4 ) and l a s e r p i t i n e  (5)* A ll th re e  a re  d e riv e d  from 

th e  Umbel1i f e r a s  fa m ily , and t h e i r  s t r u c tu r e s  a re  now v i r t u a l l y  

e s ta b l i s h e d .
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C aro to l was f i r s t  i s o la t e d  from  th e  e s s e n t i a l  o i l  o f  Daucus

f2 )c a r o ta  in  1925 by A sah ina and Tsukamoto^ . D ehydrogenation

( 3)ex p erim en ts  by Sornr y ie ld e d  as th e  m ajor p ro d u c t 1 ,7 -d im e th y l-

4 - is o p ro p y ln a p h th a le n e  ( 6 ) ,  su g g e s tin g  a  s t r u c t u r a l  type  n o t

ob served  in  th e  p re v io u s ly  i s o l a t e d  s e s q u ite rp e n e s  and anom alous

w ith  re g a rd  to  th e  iso p re n e  r u l e ^ \  The same s u th o r  s u g g e s te d ^ ^

th e  s t r u c tu r e  ( 7 ) Uor c a ro to l  on th e  b a s is  o f t h i s  and f u r th e r

(6 )chem ical and deg rad a .tiv e  ev id en ce ; b u t ,  l a t e r  , when, from  m ild e r  

su lp h u r  d e h y d ro g en a tio n , he o b ta in e d  no n a p h th a le n e s  b u t a m ix tu re  

o f  a z u le n e s ,  th e  s t r u c tu r e  ( 3 ) w as' p roposed .

D eg rad a tiv e  work showed th e  e x is te n c e  o f  a seven membered r in g

by two in d ep en d en t p ro o fs  and gave th e  p o s i t io n s  o f th e  f u n c t io n a l

groups from  th e  t r i o l  ( 8 ) .  A lthough th e  a l t e r n a t iv e  fo rm u la tio n  ( 9 )

had  a ls o  been p u t fo rw ard  , the  v a l i d i t y  o f  ( 3) was confirm ed by 

( 8 )an n . n . r .  s tu d y  and th e  s te r io c h e m is t ry  o f t h i s  has now been

( 9 )e s ta b l i s h e d  by L e v is a l le s  and R u d le rx . I t  i s  now p o s s ib le  to  

w r i te  th e  a b s o lu te  c o n f ig u ra t io n  o f  c a r o to l  a s  ( lO ) . The r in g  

ju n c t io n  h e re  i s  s te re o is o m e r ic  w ith  th a t  in  n a t u r a l ly  o c c u r r in g  

w idd ro l ( l l ) ^ ^  and th u jo p se n e  ( 1 2 ) ^ ^ .  Prompted by t h i s ,  th e  

F rench  a u th o rs  have a ttem p ted  a c o r r e l a t i o n  betw een (+ ) - c a r o to l  

and a su b s ta n c e  o f  known c o n f ig u ra t io n .  From ( - ) -d e h y d ro -c a rv o n e
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(12)th e y  have v s y n th e s is e d  (1 3 ) and th e re b y  r e a f f i rm e d  t h e i r  

e a r l i e r  s te re o c h e m ic a l f in d in g s  by n .m .r .  and c i r c u l a r  d ic h ro is n

( 1 3 )m easurem ents. In  a d d i t io n ,  co n co rd an t r e s u l t s  have been  o b ta in e d v ' 

from  th e  c o r r e l a t i o n  o f (13) w ith  th e  compounds (1 4 ) & (1 5 ) o b ta in e d  

by  d e g ra d a tio n  o f  c a r o to l  a c e ta t e  ( l 6 ) .

(14 1The work on th e  s t r u c t u r a l  e lu c id a t io n  o f  dauco l (4 ) c lo s e ly  

p a r a l l e l s  t h a t  on c a r o t o l ,  a f a c t  w hich may be a t t r i b u t e d  to  t h e i r  

c o -e x is te n c e  in  Daucus c a r o ta .  I t s  s t r u c tu r e  was p roposed  by 

S o rm ^^  a lo n g  w ith  t h a t  o f  c a r o t o l  and i t  was u sed  by S c h o o le ry ^ ^  

a s  th e  b a s i s  o f  h i s  n .n u r .  s tu d ie s .  The s te re o c h e m is try  o f
( a )

d au co l was d e te rm in ed  by L e v is a l le s  and  Rudder and i s  g iv e n  by (1 7 )•

I t  i s  p e rh ap s  r e le v a n t  to  m ention  h e re  th e  i s o l a t i o n  o f  a

h y d ro ca rb o n , daucene, **2 4 ’ ^ roin c ° l umn chrom atography o f  th e

(15)s e q u ite rp e n e  f r a c t i o n  o f  Daucus c a r o ta  by P ig u le v sk d r , The same 

a u t h o r p r e p a r e d  daucene by d e h y d ra tio n  o f  c a r o to l  w ith  a t r a c e  

o f  s u lp h u r ic  a c id  and showed i t  to  have an  i n f r a - r e d  spectrum  

s im i la r  to  n a tu r a l  daucene. No s t r u c t u r e  i s  p o s tu la te d  f o r  

t h i s  su b s ta n c e , a lth o u g h  i t  i s  s a id  to  have th e  a z u le n ic  s k e le to n  

w ith  two double bonds, s in c e  i t  y i e ld s  daucane ( 2 ) on h y d ro g e n a tio n . 

"Whether t h i s  i s  a t r u e  n a t u r a l ly  o c c u r r in g  compound o r  i s  p roduced  

by  d e h y d ra tio n  o f  c a r o to l  on chrom atography i s  a m a tte r  o f  some 

c o n je c tu r e .
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The l a s t ,  n a t u r a l ly  o c c u r r in g , known member o f t h i s  s e r i e s ,

( l 7 )l a s e r p i t i n e  (b ) ,  was i s o l a t e d  as e a r ly  a s  1865 by Feldmann 

a s  th e  c r y s t a l l i n e  b i t t e r  p r in c ip le  from  th e  r o o ts  o f  L a se rp itiu m  

l a t i f o l i u m  L. F o llow ing  th e  re a s se s sm e n ts  o f  th e  c a r o to l  

s t r u c t u r e  S o r m ^ ^  c o n s id e re d  th e  p ro p o sed  s t r u c tu r e  (1 8 ) ^ * ^

o f  l a s e r p i t i n e  q u e s tio n a b le .  N .m .r. s p e c t r a  o f  l a s e r o l  (1 9 ) and 

d ih y d ro la s e ro l  (20) gave r e s u l t s  n o t in  agreem ent w ith  th e  

su g g e s te d  s t r u c tu r e  (1 3 ) . A f te r  e x te n s iv e  ch em ica l and d e g ra d a tiv e  

w ork, th e  s t r u c tu r e  (21) was p ro p o sed  and  unam biguously  v e r i f i e d  

by an  X -ray  a n a ly s i s  o f  p -b ro m o b e n z o y lla se ro l (2 2 ) .

The rem ain in g  p o in t  o f  d eb a te  in  th e  s t r u c t u r a l  a ss ig n m en ts

o f  th e  daucane s e s q u ite rp e n e s  i s  th e  n a tu re  o f  th e  r in g  ju n c t io n .  
(18}

The X -ray  w ork ' '  in d ic a te s  a t r a n s - f u s io n  in  l a s e r p i t i n e ,

(9 12 13)w hereas th e  F rench  a u th o rs  9 9 have c o n s id e ra b le  chem ica l

and s p e c t r a l  ev idence  in  fa v o u r  o f  a c i s - f u s i o n  f o r  c a r o t o l .

I t  w ould, in d e e d , be s u r p r is in g  i f  th e s e  compounds had  a d i s s im i la r  

s te re o c h e m is try  a t  t h i s  p o in t ,  b u t no doubt f u r th e r  work by th e  

two g roups w i l l  c l a r i f y  th e  s i t u a t i o n .

A part from  th e  few rem ain in g  s t r u c t u r a l  u n c e r t a i n t i e s ,  th e r e  

i s  some s p e c u la t io n  a s  to  th e  b io g e n e t ic  pathway by w hich th e  

daucane ca rb o n  s k e le to n  i s  a t t a in e d .  W ith th e  in c re a s in g



s o p h i s t i c a t i o n  o f  t r a c e r  s tu d ie s ,  f u r t h e r  im petus i s  b e in g  added

to  an a s p e c t o f s e s q u ite rp e n e  c h e m is try , w hich was o n ly

r a t i o n a l i s e d  in  th e  '5 0 s 1 by R uzicka and h i s  c o l l e a g u e s i n

te rm s  o f  th e  is o p re n e  r u l e .  T his work was developed  by 

( 2 l )H en d rick so n ' , who p ro p o sed  a t h e o r e t i c a l  scheme f o r  th e  

p ro d u c tio n  o f  th e  d iv e rs e  s t r u c t u r a l  ty p e s  o f  s e s q u ite rp e n e s  from  

f a r n e s o l .  In  a d d i t io n ,  th e  subsequen t developm ents on th e

( 2 2 )b io g e n e s is  o f  s e s q u ite rp e n e s  a re  th e  s u b je c t  o f a r e c e n t  re v ie w ' ,

On th e  b a s i s  o f  th e  f in d in g s  to  d a te ,  th e  daucane s k e le to n

may be a r r iv e d  a t  s p e c u la t iv e ly  from  c i s - f a r n e s o l  (2 3 ) in  two w ays.

A f te r  i o n i s a t io n  o f  th e  a l l y l i c  h y d ro x y l, we can  en v isag e

fo rm a tio n  o f  th e  ten-m em bered r in g  c a t io n  ( 23 ) by th e  in te rm e d ia c y

o f  th e  n o n - c la s s ic a l  carbonium  io n  ( 24 ) as  p roposed  by 

( 21 )H en d rick so n ' . C y c l is a t io n  o f  (2 3 ) and subsequen t s h i f t  o f  th e

m ethyl group from  C~7 to  C-8 w ould th e n  g iv e  th e  r e q u ir e d  carb o n

s k e le to n  ( 26 ) (Scheme A) The weak p o in t  o f  t h i s  Scheme, ac c o rd in g

(23)to  S ouchek ' , i s  th e  co m p lex ity  o f  th e  mechanism, whereby a

s e r i e s  o f  e n e r g e t i c a l ly  u n fa v o u ra b le  enzym atic r e a c t io n s  must be

assum ed. O ther p o s s ib le  ro u te s  a re  by d i r e c t  c y c l i s a t i o n  o f

f a r n e s y l  py rop h o sp h ate  (Scheme 3 ) o r  by th e  in te rm e d ia c y  o f  th e

(2l)seven-m em bered r in g  carbonium  io n  p rop o sed  by H endrickson  '

(Scheme C ). Both th e s e  schemes a re  e n e r g e t ic a l ly  more p la u s ib le
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( 2 3 )and some e le g a n t t r a c e r  work by Souchek ' has snown th e . 

in c o rp o r a t io n  o f ( l -  ^  C )- a c e ta t e  to  be c o n s is te n t  w ith  e i t h e r  

Scheme B o r  Scheme C, a s  shown by th e  a s t e r i s k s ,  b u t n o t w ith  

Scheme A* However, a s  s t a t e d  e a r l i e r ,  th e  assignm en t o f  a 

t r a n s - r i n g  fu s io n  by  Souchek i s  in , d o u b t. T h is w ould r e q u ir e  

d e p ro to n a tio n  o f (27) to  (28) and a s te r e o s p e c i f i c  h y d ra tio n  o f  

th e  d ie n e .

The u se  o f  in  v i t r o  r e a c t io n s  to  s im u la te  th e  b io g e n e t ic

pathw ays f o r  th e  p ro d u c tio n  o f  n a tu r a l  p ro d u c ts  i s  now b e in g

e n co u n te red  w ith  in c re a s in g  r e g u l a r i t y  in  th e  l i t e r a t u r e ,  and in  th e

s e s q u ite rp e n e  f i e l d  in  p a r t i c u l a r .  The’ e a r l i e r  work in  t h i s

(24)d i r e c t io n  h as  l a r g e ly  been  sum m arised by Eschenm oser i n  h is

p a p e r  on th e  a c id  c a ta ly s e d  c y c l i s a t i o n s  o f  te rp e n o id  p o ly e n e s .

(25) •S to r k ' '  h as exam ined th e  s te re o c h e m is try  o f  po lyene c y c l i s a t i o n ,  

w ith  s p e c ia l  r e f e r e n c e  to  th e  c y c l i s a t i o n  o f  f a r n e s y l  a c id s  and 

d e r iv a t iv e s  and t h i s  approach  has been  developed  most n o ta b ly  by 

van Tamelen in  h i s  b io g e n e t ic - ty p e  s y n t h e s e s o f  ( - )  f a r n e s i f e r o l  

A (29) and C (3 0 ) .

(27)Having a s u i t a b le  ro u te  to  s u b s t i tu t e d  seven membered r in g s

r e a d i ly  a v a i la b le  and w ith  th e  c u r re n t  vogue o f  in  v i t r o r e a c t io n s

in  m ind, i t  was d e c id e d  to  t e s t  th e  v i a b i l i t y  o f th e  in te rm e d ia te

(21)carbonium  io n  ( 3 l ) j  p roposed  by H endrickson  • A s y n th e s is
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o f  th e  t o s y l a t e  (3 2 ) , c o rre sp o n d in g  to  (3 l)>  w ould le a d  on 

s o lv o ly s i s  to  (3 1 ) w hich u n d er th e  r e a c t io n  c o n d i t io n s  w ould he 

e x p e c te d  to  undergo  f u r t h e r  t r a n s f o r m a t io n s .  A subsequen t 

a n a ly s i s  o f  th e  p ro d u c ts  by modern te c h n iq u e s  m ight in d ic a te  th e  

p re se n c e  o f  some r e le v e n t  s e s q u i te rp e n o id s  and  so add  w eigh t to  th e  

p ro p o sed  in te rm e d ia c y  o f  (3 l)*
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DISCUSSION:

I t  was en v isag e d  t h a t  th e  most p r o f i t a b l e  s y n th e t i c  approach  

t o  th e  s y n th e s i s  o f  th e  r e q u i r e d  t o s y l a t e  ( l )  would in v o lv e  th e  

i n i t i a l  fo rm a t io n  o f  a  s u i t a b l y  s u b s t i t u t e d  d im e th y lcy c lo h e p ten e  

d e r i v a t i v e  and subsequen t e l a b o r a t i o n  o f  t h e  s ix -c a rb o n  s id e  c h a in .

The most s u i t a b l e  i n t e r m e d ia te  t o  t h i s  end would appear  t o  be th e  

d im e th y lcy c lo h e p ten o n e  (2 )  which on a l k y l a t i o n  w i th  l~ b ro n o -4 “ 

m e th y lp e n t -3 -e n e  (3 ) ,  r e d u c t io n  o f  th e  p ro d u c t  t o  th e  a lc o h o l  and 

subsequen t t o s y l a t i o n  would y i e l d  th e  t o s y l a t e  ( l )  as  i n d i c a t e d  

i n  Scheme A.

The g e n e ra l  p roposed  r o u te  t o  th e  k e to n e  (2) i s  o u t l i n e d  i n  

Scheme B. C ondensation  o f  2 -c a rb e th o x y -3 -m e th y lcy c lo p en tan o n e  (4) 

w i th  c ro to n a ld e h y d e  would y i e l d  th e  b i e y c l i c  a l c o h o l  ( 5 ) .  Treatmert 

o f  t h i s  w ith  p - to lu e n e s y lp h o n y l  c h l o r i d e  and f ra g m e n ta t io n  o f  th e  

r e s u l t a n t  t o s y l a t e  m ix tu re  (6) w ith  sodium e t h o x i d e ^  sho u ld  l e a d  

t o  t h e  cy c lo h e p te n e  d ic a rb o x y l ic  e s t e r  ( ? ) .  H y d ro ly s is  and 

d e c a rb o x y la t io n  o f  t h i s  would g ive  t h e  mono-acid  (8) which on o x id a t iv e  

d e c a rb o x y la t io n  w ith  l e a d  t e t r a a c e t a t e  ' would form th e  a c e t a t e  (9 ) .  

r e d u c t io n  o f  t h i s  p ro d u c t  w ith  l i t h i u m  aluminium h y d r id e  and o x id a t io n  

o f  t h e  r e s u l t a n t  a lc o h o l  (10) would f u r n i s h  th e  d e s i r e d  k e to n e  ( 2 ) .



-  104 -

Dieckmann co n d en sa t io n  o f  d i e th y l  a d ip a te  and subsequen t 

m e th y la t io n  "by th e  method o f  N i c o l e ^ ^  y ie ld e d  2 -c a rb e th o x y -2 -  

m ethy lcyc lopen tanone  ( l l )  i n  79$ y i e l d .  G . l . c .  a n a l y s i s  o f  t h i s  

showed i t  to  c o n s i s t  o f  a s i n g l e  component. In  a d d i t i o n ,  i t  gave 

a  n e g a t iv e  f e r r i c  c h lo r id e  t e s t ;  showed a  s i n g l e t  methyl s ig n a l  

a t  8 . 76T in  th e  n .m .r .  spectrum  f o r  th e  C-2 methyl group and had 

carbony l a b s o rp t io n  as  a double peak 1733 and 1753cm

The 2 , 2 - s u b s t i t u t e d  p ro d u c t  ( l l )  was smoothly converted  in  75$ 

y i e l d  i n t o  th e  iso m e r ic  2 -ca rb e th o x y -5 -m eth y lcy c lo p en tan o n e  (4 )  by 

t r e a t m e n t ^ w i t h  sodium e th o x id e .  T h is  showed under the  g . l . c .  

c o n d i t io n s  used f o r  ( l l )  above a s in g l e  peak w ith  lo n g e r  r e t e n t i o n  

t im e . I t  gave a p o s i t i v e  f e r r i c  c h lo r id e  t e s t ,  showed a d o u b le t  

methyl re sonance  centred  a t  8 . 92t  ( j= 6 cp s )  i n  th e  n .m .r .  and ca rbony l 

a b s o rp t io n  in  th e  i n f r a - r e d  spectrum  a t  1731 and 1755cnT^.

The co n d en sa t io n  o f  ( 4 ) w ith  c ro to n a ld eh y d e  was i n i t i a l l y  a t tem p ted

(5)by r e f l u x i n g  w ith  t r i e t h y 1amine in  benzene b u t  t h i s  gave on work-up 

a lm os t com plete r e t u r n  o f  s t a r t i n g  m a t e r i a l .  However, c o n d en sa t io n  was 

e f f e c t e d  by r e a c t i o n  o f  th e  two components w ith  a c a t a l y t i c  amount of 

sodium e th o x id e  in  e th a n o l  a t  -70°C. This  y ie ld e d  on d i s t i l l a t i o n  

77$ o f  p ro d u c t  which g . l . c .  a n a l y s i s  showed to  c o n s i s t  o f  th r e e  

components w ith  r e t e n t i o n  tim es  o f  1 5 .9 j 32.5 & 35•3 m ins. on 5$APL
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a t  150° am ounting to  5 >65 & 30$ 01 th e  t o t a l  r e s p e c t i v e l y .  From 

p re v io u s  w o rk ^ ^  th e s e  were presum ably th e  ep im eric  a l c o h o ls  ( 5 ) 

and th e  a ld e h y d e - e s te r  ( 1 2 ) .  I n t e g r a t i o n  o f  the  a ldehyde  p ro to n  

s ig n a l  a t  0 . 2 8 t  in  th e  n .m . r ,  spectrum  a g a i n s t  th e  e s t e r  m ethylene 

s ig n a l  in d i c a t e d  t h a t  th e  a l d e h y d e - e s t e r  was p r e s e n t  i n  no more than  

5$. T h is  was though t to  be th e  f i r s t  o f  the  g . l . c .  p ro d u c ts  i n  view 

o f  th e  p e rc e n ta g e  o ccu rren c e  and th e  e p im er ic  n a tu re  o f  th e  a lc o h o ls  

which would g iv e  c l o s e r  r e t e n t i o n  t im e s .  This was confirm ed by 

removal o f  t h i s  im p u r i ty  by p r e p a r a t iv e  t . l . c .  and n .m . r .  a n a l y s i s  o f  

th e  p ro d u c t  (5)» This  showed C-5 methyl a t  8 . 9 t  (3X11, s i n g l e t ) , C-2  

methyl a t  9*09 'E (3X H ,double t ,J=7cps)  and e s t e r  methyl a t  8 . 7 4 t  

( 5 X H , t r ip l e t , J = 7 c p s ) . The i n f r a - r e d  spectrum  showed carbony l 

a b s o r p t io n  a t  1735 & 1761cm  ̂ c o r re s p o n d in g  to  th e  e s t e r  and C-8  

c a rb o n y ls  r e s p e c t i v e l y  and hydroxyl a b s o r p t io n ,  f r e e  a t  3631cm  ̂

and bonded as a  b road  band between 3400 & 3560cm No a t te m p ts  were

made to  s e p a r a t e  th e  a x i a l  and e q u a t o r i a l  a l c o h o ls  b u t  i t  m ight be 

su g g e s te d  from th e  e q u i l i b r a t i n g  c o n d i t io n s  used  i n  th e  c o n d en sa t io n  

and from th e  r e l a t i v e  p r o p o r t io n s  o f  p ro d u c ts  o b ta in e d  on t o s y l a t i o n  

t h a t  th e  e q u a t o r i a l  i s  the  epim er i n  p reponderance .  I t  has a l s o  been 

found h e re  t h a t  i f  p ro longed  h e a t in g  i s  a p p l ie d  d u r in g  d i s t i l l a t i o n ,  

c o n s id e r a b le  r e t r o - a l d o l  r e a c t i o n  can o ccu r  to  g ive  i n c r e a s in g  

p r o p o r t io n s  o f  th e  a ldehyde e s t e r .  This  can l a r g e l y  be overcome by 

sm all b a tc h  f l a s h  d i s t i l l a t i o n .
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The m ix tu re  o f  ep im eric  a l c o h o ls  ( 5 ) was co n v er ted  to  a  m ix tu re

o f .e p im e r i c  t o s y l a t e s  (6 )  by t r e a tm e n t  w ith  p - to lu e n e s u lp h o n y l  c h lo r id e

i n 3p y r id i n e .  The r e s u l t i n g  crude p ro d u c t  was s e p a ra te d  by f r a c t i o n a l

c r y s t a l l i s a t i o n  in to  two isom ers o f . in. p t ,  162-30 & 81-2° .  The fo rm er

(12°/o) showed carbony l a b s o r p t io n  a t  1734 & 1766cm”  ̂ c o r re sp o n d in g  to

th e  e s t e r  and C-8 ca rb o n y ls  r e s p e c t i v e l y  and t o s y l a t e  bands a t  1178

& 1371cm  ̂ i n  th e  i n f r a - r e d .  The n .m . r .  spectrum  showed the  

( 5)c h a r a c t e r i s t i c  C-4 p ro to n  a t  5*3^ w i th  h a l f -b a n d  w id th  o f  around

lO cps, th e  a ro m a tic  methyl a t  7-52t  (3XH* s i n g l e t )  and a ro m a tic

p ro to n s  as  an system between 2 .1  & 2 . 7 t  i n  a d d i t io n  to  the

f e a t u r e s  shown i n  ( 5) .  The l a t t e r  (88$£) corresponded  to  the  o th e r

epim er by t . l . c .  & showed a h a l f -b a n d  w id th  o f  4cps f o r  th e  C-4

p ro to n  a t  5»6t  i n  th e  n .m .r .  i n  a d d i t i o n  to  th e  expec ted  peaks as

found in  th e  o th e r  ep im er. The i n f r a - r e d  spectrum  showed carbony l

a b s o r p t io n  a t  1736 & 1786cm ^ f o r  the  e s t e r  and C-8 carbonyl groups

and t o s y l a t e  bands a t  1179 & 1379cm From the  h a l f -b a n d  w id th

o f  th e  C-4 p ro to n  s ig n a l  in  th e  n .m . r .  i t  may be deduced t h a t  th e

f i r s t  i s o l a t e d  epim er i s  th e  a x i a l  and th e  second the  e q u a t o r i a l

t o s y l a t e .  Although th e se  h a l f -b a n d  w id th s  a re  n o t  as  g r e a t  a s  

( 5)a l r e a d y  r e c o r d e d t h e  t r e n d  i s  s i m i l a r  and th e  ass ignm ent o f  the  two 

epim ers made i s  confirm ed by th e  subsequen t s e r i e s  o f  e x p e r im en ts .
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In  an  a t tem p t t o  p re p a re  t h e  c y c lo h e p te n e  e s t e r  (7 )  v i a  th e  

b r id g e  s c i s s i o n  p ro c e s s  th e  m ix tu re  o f  ep im eric  t o s y l a t e s  was 

t r e a t e d  w ith  sodium e th o x id e  i n  e th a n o l .  Follow ing  work-up th e  

p ro d u c t  was s e p a r a te d  from th e  u n r e a c te d  a x i a l  t o s y l a t e  by d i s t i l l a t i o n  

U nexpected ly , g . l . c .  o f  th e  r e s u l t a n t  c l e a r  o i l  showed two p ro d u c ts  

i n  t h e  r a t i o  2:3* Combined gas  ch ro m a to g rap h / mass sp e c tro m e te r  

a n a l y s i s  confirm ed  th e  iso m e r ic  n a tu r e  o f  th e  p ro d u c ts  which had b o th  

m o le c u la r  w eigh t 268 , t h a t  o f  th e  e x p e c te d  d i e s t e r  (7 ) and s i m i l a r  

f r a g m e n ta t io n  p a t t e r n s .  The mechanism o f  t h i s  r i n g  s c i s s i o n  has
(c)

b een  d i s c u s s e d ^ '  and. on t h i s  b a s i s  a  s i n g l e  p ro d u c t  (7 ) would be 

e x p e c te d .  T h is  would be p roduced  from th e  e q u a t o r i a l  t o s y l a t e  v i a  

a  p - e l i m i n a t i o n  p ro c e s s  (6a —*“ 7 ) >  t h e  a x i a l  t o s y l a t e  b e in g  r e tu r n e d  

unchanged.

The p o s s i b i l i t y ,  t h a t  th e  second p ro d u c t  might be an e l im i n a t io n  

p ro d u c t  o f  th e  a x i a l  t o s y l a t e  u nder  th e  r e a c t i o n  c o n d i t io n s  c o u ld  

n o t  be overlooked  and , a c c o rd in g ly ,  th e  r e a c t i o n  was r e p e a te d  on a  

sample o f  a x i a l  t o s y l a t e .  However, f o l lo w in g  th e  same work-up 

p ro c e d u re ,  on ly  unchanged a x i a l  t o s y l a t e  c o u ld  be i s o l a t e d ,  a s  

ex p e c te d .

Treatm ent o f  th e  e q u a t o r i a l  t o s y l a t e  under th e  r e a c t i o n  c o n d i t io n s  

above b u t  w ith  c a r e f u l  n e u t r a l i s a t i o n  t o  pH 7 under  i c e  c o o l in g  

y i e l d e d  around 80fo o f  a c l e a r  l i q u i d  which g . l . c .  a n a l y s i s  showed
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t o  be a s in g le  pure  compound c o r re sp o n d in g  to  th e  isom er o f  lo n g e r  

r e t e n t i o n  tim e  p roduced  from th e  e p im er ic  t o s y l a t e  m ix tu re .  Re

d i s t i l l a t i o n  f u r n i s h e d  an a n a l y t i c a l l y  pu re  sample which showed 

c a rb o n y l  a b s o r p t io n  a t  1735cm ^ f o r  th e  e s t e r .  The n .m .r .  spectrum  

showed an e s t e r  m ethyl a t  8 .7 3 t  (6*X H, t r i p l e t ,  J  = 7 c p s ) ;  The C~2 

m ethyl a t  9 * H t  (3 X H, d o u b le t ,  J  = 7 c p s ) ;  th e  C-3 methyl a t  8 .3 2 ^

(3 X H, b ro a d  s i n g l e t )  and a v in y l  p ro to n  a t  4 o65t (1 X H, m u l t i p l e t ) .

These c o n f l i c t i n g  r e s u l t s  c o u ld  be i n t e r p r e t e d  i n  two ways. E i t h e r  

th e  s i n g l e  p ro d u c t  i s o l a t e d  i n  t h i s  l a s t  experim ent r e p r e s e n t s  th e  

i n i t i a l  p ro d u c t which i s  c a p a b le  o f  e q u i l i b r a t i o n  t o  y i e l d  th e  

m ix tu re ;  o r  i t  r e p r e s e n t s  a f i n a l  p ro d u c t  d e r iv e d  from th e  i n i t i a l l y  

formed m ix tu re  un d er  th e  c o n d i t io n s  o f  i s o l a t i o n .  In  o rd e r  t o  

c l a r i f y  th e  s i t u a t i o n  a t te m p ts  were made t o  c o n v e r t  th e  iso m e ric  

m ix tu re  u n d e r  a s e r i e s  o f  c o n d i t io n s  i n t o  th e  s in g le  compound. A 

sample o f  th e  m ix tu re ,  hav ing  been  s u b je c t e d  to  a g iv e n  s e t  o f  

c o n d i t i o n s ,  was a n a ly se d  by g . l . c .  R e f lu x in g  a sample f o r  72 hou rs  

i n  t h e  p re se n c e  o f  p - to lu e n e s u lp h o n ic  a c i d  i n  ch lo ro fo rm ; sodium 

e th o x id e  s o l u t i o n  a s  u sed  i n  th e  o r i g i n a l  r e a c t i o n ;  o r  h y d ro c h lo r ic  

a c i d  i n  e th a n o l  p roduced  no s i g n i f i c a n t  change i n  th e  p ro d u c t  

c o n p o s i t io n .  'S ince th e  e l im i n a t io n  p ro d u c t  o f  th e  e q u a t o r i a l  

t o s y l a t e  was o b ta in e d  a s  a s in g le  compound and th e  iso m e r ic  m ix tu re  

c o u ld  no t be c o n v e r te d  i n t o  i t  by s u b j e c t io n  to  p ro lo n g ed  r e a c t i o n
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(1 5)c o n d i t io n s ,  i t  would seem j u s t i f i e d  i n  th e  l i g h t  o f  e a r l i e r  f in d in g s^  5 ' 

t o  a s s ig n  to  t h i s  p ro d u c t  th e  s t r u c t u r e  (7 )  o f  the  expec ted  cy c lo h ep te n e -  

d i e s t e r .

S ince some, i s o m e r i s a t i o n  p ro c e s s  was o c c u r r in g  d u r in g  th e  r e a c t i o n ,  

s t e p s  were ta k e n  to  dec ide  which f a c t o r  o r  f a c t o r s  i n  th e  work-up o r  

p u r i f i c a t i o n  p ro c e ss  were r e s p o n s ib l e .  The p o s s i b i l i t y  o f  therm al 

i s o m e r i s a t i o n  was c o n s id e re d  f i r s t  and a  sample of d i e s t e r  ( 7 ) was 

s u b je c te d  f o r  15' m ins. to  a s e r i e s  o f  te m p e ra tu re s  between 65 & 180°C,

The p ro d u c t  was th e n  a n a ly se d  by g . l . c .  b u t  i n  a l l  cases  th e  pure 

d i e s t e r  rem ained unchanged. The e f f e c t  o f  chem ical r e a g e n ts  was then  

t e s t e d ,  a  sample o f  th e  pure d i e s t e r  b e in g  r e f lu x e d  f o r  15 mins. i n  

e th a n o l  w i th  an a d d i t i o n a l  r e a g e n t  and, fo l lo w in g  a  s u i t a b l e  i s o l a t i o n  

p ro c e d u re j  th e  p ro d u c t  was a n a ly se d  by g . l . c .  I t  was found, as  a  r e s u l t  

t h a t  d i l u t e  h y d ro c h lo r i c  a c id ;  d i l u t e  s u lp h u r ic  a c id  and p- 

to lu e n e s u lp h o n ic  a c id  produced i s o m e r i s a t i o n  whereas no change could  

be d e t e c te d  w ith  a c e t i c  a c id ;  sodium a c e t a t e ;  a x i a l  t o s y l a t e  o r  

sodium e th o x id e .

From th e s e  r e s u l t s  which show th e  d i e s t e r  ( 7 ) to  be iso m e r ise d

i n  a c id ,  th e  o th e r  p ro d u c t  i s  a s c r ib e d  the  s t r u c t u r e  ( 13)*

(8)C ycloheptene has been shown to  e x i s t  i n  a c h a i r  confo rm ation  and 

an  exam ina t ion  (s e e  f i g u r e s  7 a & 13a)  o f  a model o f  ( 7 ) shows severe
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non-bonded i n t e r a c t i o n s  between the  a x i a l  hydrogens a t  and

one o f  th e  c a rb e th o x y l  g ro u p s .  I s o m e r i s a t io n  to  ( 13) removes th e  

o a rb e th o s y l  i n t e r a c t i o n  w ith  th e  hydrogen and a l th o u g h  t h a t  a t  Ck 

rem a in s ,  t h i s  t r a n s f o r m a t io n  must p ro v id e  s u f f i c i e n t  r e l i e f  o f  non

bonded i n t e r a c t i o n s  to  accoun t f o r  th e  f a c i l e  i s o m e r i s a t io n  o f  th e  

i n i t i a l l y  formed p ro d u c t  o f  th e  r e a c t i o n . i . e .  (6)-*(7)s?(l3)»

The r o o t  cause o f  th e  i s o m e r i s a t i o n  as seen  from th e  r e s u l t s  

above v/ould appear  to  be the  use o f  excess  hydrochloric a c id  i n  the  

n e u t r a l i s a t i o n  o f  the  sodium e th o x id e  o r  p - to lu e n e s u lp h o n ic  a c id  

produced d u r in g  th e  d i s t i l l a t i o n  by therm al decom position  o f  the  

u n re a c te d  a x i a l  t o s y l a t e .  I n  p r a c t i c e ,  i t  has now been found t h a t  

i f  th e  a x i a l  t o s y l a t e  i s  removed by f r a c t i o n a l  c r y s t a l l i s a t i o n  from 

th e  o r i g i n a l  e p im er ic  t o s y l a t e  m ix tu re ,  the  minimum a c id  i s  used  f o r  

n e u t r a l i s a t i o n  o f  the  e th o x id e  d u r in g  th e  work-up under i c e  c o o l in g  

and th e  e t h e r e a l  e x t r a c t s  a re  th o ro u g h ly  washed w ith  b r in e  to  remove 

t r a c e s  o f  u n re a c te d  a c i d ,  a s in g le  isom er (7) i s  o b ta in e d  on d i s t i l l a t i o n .

In  an a t te m p t  to  h y d ro ly se  th e  d i e s t e r  (7)» i t  was r e f lu x e d  o v e rn ig h t  

w ith  p o ta ss ium  hydrox ide  in  m e thano l.  T h is  y ie ld e d  Q2?o o f  a c l e a r  

v is c o u s  o i l  which a n a ly se d  f o r  C ^ H ^ O ^ ,  On m e th y la t io n  w ith  

d iazom ethane , a sample o f  t h i s  showed a s in g le  peak on g . l . c .  a n a l y s i s .

The i n f r a - r e d  spectrum  o f  the  h y d r o ly s i s  p ro d u c t  showed peaks a t  

1708 & 1733cm “ in  the  ca rbony l r e g io n  a t t r i b u t a b l e  to  c a rb o x y l ic  

a c i d  and e s t e r  a b s o rp t io n  r e s p e c t i v e l y .  The n .m .r ,  spectrum  showed
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an e t h y l  e s t e r  w i th  m ethyl a t  8 . 7 3 ^  (3x11, t r i p l e t ,  J=7cps) and m ethylene 

a t  3*74TT (2xH, q u a r t e t )  and an a c i d  p ro to n  a t  -0 .17T  as  a b roadened  

s i n g l e t .  S ince  th e  n .m . r .  spectrum  showed i n  a d d i t i o n  th e  C-2 & C-5 

m ethyl s i g n a l s  and. v in y l  p ro to n  a s  i n  th e  d i e s t e r ,  th e  p roduc t  was 

o b v io u s ly  no t th e  d ic a rb o x y l ic  a c i d  (14) o r  m ono-carboxylic  a c i d  (8) 

which might have been en v isag e d  b u t  t h e  h a l f - e s t e r  (1 5 )•

A s i m i l a r  r e a c t i o n  i n  aqueous m ethanol and p o ta ss iu m  h y d rox ide  gave 

an  8 Cffo y i e l d  o f  th e  same p ro d u c t .  H y d ro ly s is  w i th  p o ta ss iu m  hyd ro x id e  

i n  aqueous d ioxan  gave, a f t e r  o v e rn ig h t  r e f l u x ,  a 75b> y i e l d  o f  p ro d u c t  

which was shown by t . l . c .  t o  be p red o m in an tly  th e  h a l f - e s t e r  (1 5 ) ,  

w i th  a minor component which was though t t o  be one o f  t h e  a c i d s ,  (8) 

o r  (1 4 ) ,  p u r e ly  on th e  b a s i s  o f  i t ' s  g r e a t e r  p o l a r i t y .

Trea tm ent o f  th e  e q u a t o r i a l  t o s y l a t e  w i th  p o tass ium  hydrox ide  i n  

aqueous d ioxan  under r e f l u x  f o r  30  m ins. gave on work-up a good y i e l d  

o f  a  h a l f - e s t e r .  This  i s  i n  acco rdance  w ith  th e  p roposed  m e c h a n i s e / ^  

f o r  th e  r i n g - s c i s s i o n  p ro c e s s  whereby th e  hydroxy l io n  r e p la c e s  th e  

e th o x id e  io n  n o rm ally  u sed  a s  t h e  n u c l e o p h i l i c  s p e c ie s  i n  t h i s  c a s e .

I t  was hoped t h a t  t h i s  on h y d r o ly s i s  would y i e l d  th e  d ic a rb o x y l ic  

a c i d  (1 4 ) ;  however, a t te m p ts  to  p roduce t h i s  were t o t a l l y  u n s u c c e s s f u l .  

M e th y la t io n  o f  a sample o f  t h i s  h a l f - e s t e r  w i th  d iazonethane  and 

subsequen t g . l . c .  a n a l y s i s  showed t h a t  t h i s  Y/as i d e n t i c a l  t o  t h e  m ethyl 

e s t e r  o f  th e  h a l f - e s t e r  (1 5 ) p roduced  by h y d r o ly s i s  o f  th e  d i e s t e r  (7 ) .  

This f a c t  was f u r t h e r  confirm ed  by com parison  o f  s p e c t r a l  d a t a .

I f  we assume th e  b i c y c l i c  e q u a t o r i a l  t o s y l a t e  has
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t h e •c o n f ig u r a t io n  (6a)  th en  t h i s  g iv e s  r i s e  to  th e  h a l f - e s t e r  ( l 5 a ) .

I t  i s  sugges ted  t h a t  h y d r o ly s i s  o f  t h i s  a x i a l  e s t e r  g roup ing  i s  

i n h i b i t e d  b o th  by th e  C-2 m ethyl group on one s id e  and th e  s t e r i c  

crow ding produced by th e  t r a n s i t i o n  s t a t e .  S ince t h i s  h a l f - e s t e r  

i s  i d e n t i c a l  to  t h a t  i s o l a t e d  by th e  h a l f - h y d r o l y s i s  o f  th e  d i e s t e r  

( 7 ) ,  p r e f e r e n t i a l  h y d r o ly s i s  o f  th e  e q u a t o r i a l  e s t e r  g ro u p in g  i n  t h i s ' 

must o c c u r .  S ince b o th  a x i a l  and e q u a t o r i a l  e s t e r s  a re  a f f e c t e d  by 

th e  C-2 methyl i n t e r a c t i o n s , th e  d i f f i c u l t y  i n  co m ple te ly  h y d ro ly s in g  

(7 )  can be a t t r i b u t e d  to  th e  s t e r i c  environm ent o f  the  a x i a l  g roup ing .

The r e s i s t a n c e  o f  b o th  c a rb e th o x y l  groups to  h y d r o ly s i s  must be

a t t r i b u t e d  to  s t e r i c  crowding produced by th e  methyl group a t  C-2

s in c e  th e  h y d r o ly s i s  o f  the  c o r re s p o n d in g  cyc lohep tene  d e r iv a t iv e

(5)w ith o u t  th e  methyl f u n c t io n s  has been s u c c e s s f u l ly  e f f e c t e d  .

S ince  b a s e - c a t a ly s e d  h y d r o ly s i s  o f  th e  d i e s t e r  was p ro v in g  

im p r a c t i c a l  and th e  use  o f  a c i d - c a t a l y s e d  h y d r o ly s i s  was p rec lu d ed  

because  o f  th e  s e n s i t i v i t y  o f  th e  system tow ards i s o m e r i s a t i o n ,  i t  

was dec ided  to  s y n th e s i s e  th e  m ono-ca rboxy lic  a c id  by an a l t e r n a t i v e  

though l e s s  d i r e c t  r o u t e .  T h is  i s  shown in  Scheme C and in v o lv e s  

i n i t i a l  fo rm a t io n  o f  the  h a l f - e s t e r  ( 15) fo llow ed  by d e c a rb o x y la t io n  

to  th e  m o n o -es te r  ( l 6 )  and subsequen t h y d r o l y s i s ,

The h a l f - e s t e r  (15) was sm oothly d e c a rb o x y la te d  by r e f l u x i n g  in  

p y r id in e  f o r  4 h o u rs .  This  gave the  pure m ono-es te r  (16) i n  j6/b
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y i e l d  which showed a  s in g l e  peak on g . l . c .  a n a l y s i s .  The i n f r a - r e d  

spectrum  showed a s in g le  ca rbony l a b s o rp t io n  a t  1732cm  ̂ and was 

t r a n s p a r e n t  in  th e  hydroxyl r e g io n .  The n .m . r ,  spectrum  showed a 

s in g l e  e th y l  e s t e r  w i th  methyl s ig n a l  a t  8 .76 'u (3xH , t r i p l e t ,  J  = 7cps) 

and a v in y l  p ro to n  a t  4»53^ i n  a d d i t i o n  to  th e  & Cg methyl s ig n a l s  

as  b e f o r e .

The m o n o -es te r  was h y d ro ly sed  w ith  p o tass ium  hydrox ide  i n  methanol

by o v e rn ig h t  r e f l u x  and gave Bjfo o f  th e  mono-acid ( 8 ) .  This  was

shown to  be a  s i n g l e  compound by g . l . c .  a n a l y s i s  o f  th e  methyl e s t e r

p rep a red  by t r e a tm e n t  o f  th e  a c id  w ith  d iazom ethane. The a c id  showed

carbony l a b s o rp t io n  a t  1707cm  ̂ on ly  and a  peak a t  3531cm  ̂ f o r  f r e e

hydroxy l and a broad  band from 2500cm  ̂ to  3400cm  ̂ f o r  bonded hydroxyl

i n  th e  i n f r a - r e d .  The rums spectrum  showed an a c id  p ro to n  a t  0 .8 ^

(9)and a  v in y l  p ro to n  a t  4*60^. Cycloheptene a c id s  a re  known y to  

undergo f a c i l e  l a c t o n i s a t i o n  b u t  no ev idence  o f  t h i s  was found in  t h i s  

c a s e .

Although t h i s  a l t e r n a t i v e  r o u te  to  th e  mono-acid was more te d io u s  

th a n  th e  h y d r o ly s i s - d e c a r b o x y la t i o n  o n e - s ta g e  p ro cess  o r i g i n a l l y  

a t te m p te d ,  which might have been ex p ec ted  to  succeed , the  o v e r a l l  

y i e l d  o f  p ro d u c t  from th e  th r e e  s ta g e s  i s  r e a s o n a b le .

At t h i s  p o in t  a new p o t e n t i a l  r o u t e ^ ^  to  the  n o n o - e s te r  (16) 

d i r e c t l y  from th e  d i e s t e r  ( 7 ) became a v a i l a b l e  from which y i e ld s  o f
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60-80fo  had "been g e n e r a l ly  o b ta in e d  in  o th e r  c a s e s .  A ccord ing ly  th e  

d i e s t e r  was t r e a t e d  w ith  sodium cyan ide  in  d im ethy l su lphox ide  b u t  

even on p r o t r a c t e d  r e a c t i o n  tim es  v e ry  l i t t l e  convers ion  took  p la c e .  

T h is ,  t h e r e f o r e ,  gave no advantage  o ver  th e  a l re a d y  proven r o u te  which 

had th e  added advan tage o f  f a c i l e 'p r o d u c t  s e p a r a t io n .

The mono-acid (8 )  was th e n  t r e a t e d  w ith  le a d  t e t r a a c e t a t e  and
( 9 )

p o ta ss ium  a c e t a t e  in  p y r id in e  a f t e r  th e  g e n e ra l  method o f  Cope'

The le a d  t e t r a a c e t a t e ,  p repared  from re d  le a d  and a c e t i c  a c i d ^ ^  and 

f r e s h l y  r e c r y s t a l l i s e d  from a c e t i c  a c id ,  was used  dampened w ith  a c e t i c  

a c i d  a s  i t  was found t h a t  t h i s  p re v e n te d  decom position  o f  th e  le a d  

t e t r a a c e t a t e  and produced a c l e a n e r  r e a c t i o n .  This  y ie ld e d  5&70 o f  

p ro d u c t  which was shown b o th  by t . l . c .  and g . l . c .  a n a l y s i s  to  c o n s i s t  

o f  a m ix tu re  o f  p ro d u c ts .  A ttem pts to  i s o l a t e  th e se  by p r e p a r a t iv e  

t . l . c .  were l a r g e l y  u n s u c c e s s f u l .  The only  i s o l a b l e  p ro d u c t  shoved 

no v in y l  p ro to n  in  th e  n .m . r .  b u t  an a c e t a t e  methyl resonance  a t  7«98'Y 

as  a  s i n g l e t .  I n  view o f t h i s  ev idence  and a sh o u ld e r  a t  1765cm  ̂

i n  th e  l i q u i d  f i l m  i n f r a - r e d  spectrum , th e  ace to x y  - l a c to n e  s t r u c t u r e  

( 17) may be t e n t a t i v e l y  a s c r ib e d  to  t h i s  p ro d u c t .

I t  was c l e a r  t h a t  t h i s  t r a n s f o r m a t io n ,  f a c i l e  in  th e o ry ,  was n o t  a 

p r a c t i c a l  f e a s i b i l i t y .  T h is  s i t u a t i o n  was ag g rav a ted  by th e  f a c t  

t h a t  w ith  th e  p resen ce  o f  th e  double bond in  the  seven membered r i n g  

th e  normal carboxy l to  hydroxyl co n v e rs io n  r o u te  v ia  the B a e y e r - Y i l l ig e r  

r e a c t i o n  could  n o t  be employed because  o f  e p o x id a t ic n  of th e  double 

bond, A lthough in  a sym m etrica l case  t h i s  might have been s u c c e s s f u l ly



-  115 -

r e g e n e ra te d ,  th e  s p e c i f i c i t y  o f  th e  double bond p o s i t i o n  r e q u i r e d  

i n  t h i s  c a s e ,  and th e  d u a l i t y  o f  p o s s i b le  p ro d u c t  were a g a i n s t  

t h i s  ro u te*

( 2 )In  v iew  o f  t h e  s u c c e s s f u l  a p p l i c a t i o n  o f  th e  l e a d  t e t r a a c e t a t e  

method on a  cy c lohep tehone  a c i d  by Cope, i t  was d e c id e d  t o  re a p p ly  

t h i s  t o  t h e  h a l f - e s t e r  (15) w i th  a  view t o  o b ta in in g  t h e  a c e to x y -  

e s t e r  ( 1 8 ) .  This  on r e d u c t io n  w i th  l i t h i u m  aluminum h y d r id e  would 

be e x p e c te d  t o  l e a d  to  th e  d i o l  (19) which on p e r io d a te  c leavage 

would l e a d  d i r e c t l y  t o  th e  r e q u i r e d  k e to n e  (2)«

The r e a c t i o n  o f  l e a d  t e t r a a c e t a t e  w ith  th e  h a l f - e s t e r  (1 5 ) gave a 

66% y i e l d  o f  p r o d u c t .  However, g . l . c .  a n a l y s i s  i n d i c a t e d  th e  p re se n c e  

o f  s e v e r a l  p ro d u c ts .  A ttem pts  t o  s e p a r a t e  th e s e  were f r u i t l e s s  and

i n  view o f  th e  r e s u l t s  from th e  m ono-acid  (8) and th e  m u l t i p l i c i t y  o f  

p ro d u c ts  form ed i t  was d e c id e d  t o  abandon t h i s  r o u t e .

(13)B earing  i n  mind th e  d iv e r s e  a p p l i c a t i o n s  o f  th e  l e a d  t e t r a 

a c e t a t e  o x id a t io n  method f o r  th e  c o n v e rs io n  o f  an a c i d  t o  th e

c o r re s p o n d in g  low er a c e t a t e ,  and e s p e c i a l l y  th e  s u c c e s s f u l  a p p l i c a t i o n

( 2 )o f  th e  method to  c y c lo h e p t -4 -e n e  c a rb o x y l ic  a c i d  (20) by Cope' , th e  

f a i l u r e  o f  t h e  method was a t  f i r s t  s u r p r i s i n g .  Such a c e to x y - la c to n e  

fo rm a t io n  had been n o te d '  9 '  b u t  i n  b o th  th e s e  ca se s  t h i s  was found
f  “I \

as  a minor b y - p ro d u c t .  However, a subsequen t p ap e r  has  shov/n 

t h a t  a c e to x y - la c to n e  i s  th e  major p ro d u c t  i n  th e  a t te m p te d  l e a d  t e t r a 
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a c e t a t e  o x id a t iv e  d e c a rb o x y la t io n  o f  a number o f  b i c y c l i c  un

s a t u r a t e d  a c id s  ( e g . 21 & 2 2 ) .  From th e  work o f  th e se  a u th o r s ,  i t  

would ap p ea r  t h a t  th e  a p p l i c a t i o n  o f  t h i s  r e a c t i o n  i s  o f  d o u b tfu l  

p o t e n t i a l  i n  th e  case  o f  u n s a tu r a t e d  a c i d s .

At t h i s  p o in t  i t  was dec ided  to  e x p lo re  o th e r  p o t e n t i a l  r o u te s  

t o  th e  k e to n e  (2 )  from the  d i e s t e r  ( 7 ) .  S ince th e  h y d r o ly s i s  o f  th e  

d i e s t e r  to  th e  d i a c id  ( 14 ) was n o t  p r a c t i c a b l e ,  th e  obvious s t a r t i n g  

m a t e r i a l s  were th e  d i e s t e r  i t s e l f  o r  th e  h a l f - e s t e r  ( 15 )•

One r o u te  to  th e  ca rbony l compounds from m alonic e s t e r s  i s  t h a t

developed  by C u r t i u s ^ ^ *  . T h is  in v o lv e s  fo rm a t io n  o f  th e  b i s -

h y d ra z id e ,  co n v e rs io n  to  th e  b i s - a z i d e  and subsequen t rea rran g e m en t

to  th e  ke to n e  v i a  th e  b i s u r e t h a n .  T h is  i s  o u t l in e d  in  Scheme D and

p ro v id e s  an a t t r a c t i v e  r o u te  which has  th e  added advantage in  view o f

th e  a c i d - l a b i l e  double  bond o f  b e in g  conducted  a t  a  s u i t a b l e  pH,

However, r e p e a te d  a t te m p ts  under v a ry in g  c o n d i t io n s  to  form th e  b i s -

h y d ra z id e  were u n s u c c e s s f u l .  T h is  may a g a in  be a t t r i b u t e d  to  th e

s t e r i c  environm ent o f  th e  d i e s t e r  ( 7 ) and i s  in  l i n e  w ith  th e  f in d in g s  

(19)o f  S m ith ' x /? who s t a t e s  t h a t  th e  fo rm a t io n  o f  h y d ra z id e s  from th e  e s t e r s  

o f  d i s u b s t i t u t e d  m alonic  e s t e r s  becomes in c r e a s in g ly  d i f f i c u l t  w ith  

th e  i n c r e a s i n g  s i z e  o f  s u b s t i t u e n t s .
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The n e x t  p roposed  ro u te  invo lv ed  the  in te rm e d ia c y  o f  th e  

am ino -a lcoho l ( 23) . ,  Such compounds a re  known to  undergo 

p e r io d a te  c leav ag e  in  a manner s i m i l a r  to  g ly c o ls  to  y i e l d  carbony l 

compounds. This  c leavage  o f  th e  am ino -a lcoho l ( 23) might be

env isaged  as p ro d u c in g  the  ke tone  ( 2 ) .

The r o u te  i s  o u t l in e d  in  Scheme E. S t a r t i n g  from th e  r e a d i l y

a c c e s s i b l e  d i e s t e r ,  the  h a l f - e s t e r  (15) was o b ta in e d  by h y d r o ly s i s

( 2 l )i n  th e  normal way. The o r i g i n a l  m ethod ' o f  c o n v e r t in g  t h i s  to

th e  am ino-ac id  ( 24 ) v i a  t r e a tm e n t  o f  th e  po tass ium  s a l t  o f  th e  h a l f 

e s t e r  w ith  h y d raz in e  h y d ra te  to  g ive  th e  h y d raz id e  and subsequen t

(22)c l a s s i c a l  C u r t in s  r e a r ra n g e m e n t ' 'may be r u l e d  out on the  b a s i s  o f  

i n h i b i t e d  h y d raz id e  fo rm a t io n  d i s c u s s e d  above. However, t r e a tm e n t  

o f  th e  a c id  c h lo r id e  o f  the  h a l f - e s t e r  w ith  sodium az id e  and 

subsequen t C u r t iu s  rea rran g em en t might prove p r a c t i c a l .

From th e  h a l f - e s t e r  (15)» th e  a c id - c h lo r i& e (25) was b e s t  p re p a re d  

by r e f l u x i n g  w ith  th io n y l  c h lo r id e  in  benzene. This gave an 88^ 

y i e l d  o f  m a te r i a l  showing the  ex p ec ted  h ig h  a b s o rp t io n  a t  around 

1800cm ^ in  th e  i n f r a - r e d  spectrum  co rre sp o n d in g  to  th e  a c id  c h lo r id e  

c a rb o n y l .  I n  a d d i t i o n ,  th e  i n f r a - r e d  spectrum  was t r a n s p a r e n t  i n  

th e  hydroxyl r e g io n  showing com plete co n v e rs io n  o f  the a c id  to  a c id  

c h l o r i d e .  This m a te r i a l  was used in  th e  n e x t  s ta g e  w ith o u t f u r t h e r  

p u r i f i c a t i o n .



-  118 ~

The a c i d  c h lo r id e  (25) was smoothly c o n v e r te d  i n t o  th e  

c o r re sp o n d in g  a z id e  ( 26 ) by t r e a tm e n t  w i th  a 25^ aqueous s o l u t i o n  

o f  sodium a z id e  i n  ace to n e  a t  0°C. The a z id e  v^as i d e n t i f i e d  by 

th e  appea rance  o f  a s h a rp ,  i n t e n s e  bond i n  th e  i n f r a - r e d  spectrum  

a t  2130cm \  due t o  N s  N s t r e t c h i n g ,  and th e  d isa p p e a ra n c e  o f  

t h e ' a c i d  c h lo r id e  c a rb o n y l  band  a t  1800cm \

A s o lu t i o n  o f  th e  a z id e  (26) i n  d ry  benzene was r e f lu x e d  t o

e f f e c t  th e  C u r t iu s  rea rran g e m en t t o  th e  is o c y a n a te  (2 7 ) .  The

p ro g re s s  o f  t h i s  r e a c t i o n  c o u ld  be m easured by th e  rem oval o f

a l i q u o t s  from th e  s o l u t i o n  and  e s t i m a t io n  o f  th e  two compounds 

by i n f r a - r e d  a n a l y s i s .  The fo rm a t io n  o f  th e  i s o c y a n a te  was 

fo l lo w e d  by  th e  appearance  o f  a  s h a rp ,  in t e n s e  peak a t  2270cm \  

A f t e r  1-J- hours  r e f l u x ,  th e  r e a c t i o n  was com plete  w ith  no 2130cm"’'*' 

a b s o r p t i o n  v i s i b l e .  On removal o f  s o lv e n t  a 73/* o v e r a l l  y i e l d  

o f  p ro d u c t  was o b ta in e d  f o r  th e  c o n v e rs io n  o f  a c i d  c h lo r id e  t o  

i s o c y a n a te .

The i s o c y a n a te  was th e n  t r e a t e d  w i th  po ta ss iu m  hydrox ide  i n  

aqueous m ethanol f o r  ■§■ hour u n d e r  r e f l u x  i n  an  a t te m p t  t o  form th e  

amine (2 8 ) .  From th e  work-up, t h e r e  was o b ta in e d  an o v e r a l l  y i e l d  

o f 80^, c o n s i s t i n g  o f  53/* n e u t r a l s  and 2~]% o f  a c i d i c  m a t e r i a l .

The a c i d i c  f r a c t i o n  was shown by t . l . c  t o  c o n s i s t  o f  a major and 

a minor component. S e p a ra t io n  o f  th e s e  was e f f e c t e d  by p r e p a r a t iv e
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t . l . c .  i n  a d ioxan  / " b e n z e n e / a c e t i c  a c i d  s o lv e n t  system . The

minor component was shown by s p e c t r a l  c o r r e l a t i o n  t o  be th e  h a l f -

e s t e r  (1 5 ) ,  which had presum ably  a r i s e n  from h y d r o ly s i s  o f  th e

s t a r t i n g  a c i d - c h l o r i d e  (25 ) b e fo re  r e a c t i o n  w ith  sodium az id e

had ta k e n  p la c e .  The m ajor component showed an a c i d  p ro to n  a t

- 1 .4 5 ^  and a v in y l  p ro to n  a t  4 . 3 3 ^  i n  a d d i t i o n  t o  th e  two normal

m ethy l s ig n a l s  a t  C-2 & C-5 i n  th e  n .m . r .  spectrum . The i n f r a -

-1r e d  spectrum  showed c a rb o n y l  a b s o r p t io n  a t  1703cm and a b ro a d  

h y d roxy l band from 2400 -  3300cm"^. From t h i s  d a ta  and th e  

i n d i c a t e d  p re se n c e  o f  n i t r o g e n  from an e lem en ts  t e s t ,  t h i s  would 

a p p ea r  t o  be th e  a m in o -ac id  ( 29 ) which i s  formed by h y d r o ly s i s  o f  

b o th  t h e  e s t e r  and i s o c y a n a te  f u n c t i o n .  This  i s  n e i t h e r  un ex p ec ted  

n o r  u n d e s i r a b l e ,  s in c e  a f t e r  th e  n ex t  r e d u c t iv e  s te p  b o th  th e  amino- 

a c i d  and th e  a m in o -e s te r  would g ive  r i s e  t o  th e  r e q u i r e d  amino- 

a l c o h o l  (2 3 ) .

The n e u t r a l  f r a c t i o n  showed two main components i n  th e  r a t i o  

1 :2  by g . l . c ,  a n a l y s i s .  These were s u b je c t e d  t o  gas chrom atograph 

mass s p e c tro m e te r  a n a l y s i s  and were shown t o  have m o le c u la r  w e ig h ts  

o f  211 & 2 2 2 .r e s p e c t i v e l y .  The fo rm er had th e  ex p ec ted  m o lecu la r  

w eigh t f o r  th e  a m in o -e s te r  (28) and showed peaks a t  m/ e  138 f o r  

l o s s  o f  c a r b e th o x y l :  194 f o r  l o s s  o f  ammonia and 121 f o r  l o s s  o f

ammonia from th e  138 b ase  peak . That t h i s  was th e  a m in o -e s te r
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was con firm ed  by th e  i s o l a t i o n  o f  t h i s  m a te r i a l  from th e  m ix tu re

by p r e p a r a t i v e  t . l . c .  This  showed e s t e r  methyl a t  8 . 7 4 ' t :  C-5

m ethyl a t  3 .3 1 t  : C-2 m ethyl a t  9 .21T  and  a v in y l  p ro to n  a t  4 . 3 't

i n  t h e  n .m .r .  spec trum  and had c a rb o n y l  a b s o r p t io n  a t  1734cm ^

f o r  th e  e s t e r  g roup ing  i n  th e  i n f r a - r e d .  In  a d d i t i o n  N-H

-1s t r e t c h i n g  a b s o rp t io n s  were o b se rv ed  a t  3440 & 3400cm .

The p ro d u c t  o f  m o lecu la r  w eigh t 222 c o u ld  not be i s o l a t e d  i n

c o m p le te ly  pure  form b u t  was shown no t t o  c o n ta in  n i t r o g e n ,  a

f a c t  which n ig h t  have been  i n f e r r e d  from th e  even m o lecu la r  w e ig h t .

The i n f r a - r e d  spectrum  showed tw in  c a rb o n y l  peaks a t  1729 & 1760cm ^

and from t h i s  d a t a  th e  s t r u c t u r e  (3 0 ) i 3 su g g e s te d  f o r  th e  p ro d u c t .

The fo rm a t io n  o f  such b i c y c l i c  compounds from medium r in g s  has

( 23 )a l r e a d y  b een  n o te d  V '  e . g .  th e  cyc lononene  d i e s t e r  (3l )  gave on 

chrom atography th e  4 : 3 : 1  b i c y c l i c  s t r u c t u r e  (3 2 ) .  Here a t r a n s a n n u l a r  

r e a c t i o n  i s  p roposed  w i th  e l im i n a t io n  o f  e th o x id e .  In  a d d i t io n

( 24)a  p u r e ly  th e rm a l  rea rran g em en t o f  (3 3 ) t o  (3 4 ) has been  observed^ .

No ev idence  o f  such t r a n s a n n u l a r  r e a c t i o n s  have been  found i n  th e  

d i e s t e r  (7 ) j  however. I t  i s  su g g e s te d  i n  t h i s  case  t h a t  (30 ) 

i s  formed from t h e  a z id e  ( 26 ) by r i n g  c l o s u r e  and l o s s  o f  a z id e .  

Presumably i n  th e  c y c lo h e p te n e  c a s e ,  th e  more f a v o u ra b le  le a v in g  

g roup, a z id e ,  i s  r e q u i r e d  f o r  s t e r i c  o r  thermodynamic re a s o n s  to  

induce  t h i s  t r a n s f o r m a t io n ,  w hereas i n  th e  cyclononene case  e th o x id e  

i s  a  s u f f i c i e n t l y  good le a v in g  g roup, s in c e  s t ro n g  b a s i c  and a c i d i c
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and th e rm a l  c o n d i t io n s  have p roduced  no c y c l i s a t i o n  o f  th e  d i e s t e r  

(7) t u t  no r e a l  c o n f i rm a t io n  o f  s t r u c t u r e  (3 0 ) was o b ta in e d .

At t h i s  ju n c tu r e  th e  rem a in ing  s te p s  were perfo rm ed  on th e  

em in o -ac id  ( 29 ) .  This was red u ced  w ith  l i t h i u m  aluminum h y d r id e  

i n  r e f l u x i n g  te trah y d ro fb ran  t o  g iv e  a  75%> y i e l d  o f  p ro d u c t .

Column chrom atography on alum ina gave th e  major p r o d u c t .  This  

n o n -a c id ic  m a te r i a l  showed a  v i n y l  p ro to n  a t  4 . 5 6 t  : C-5 m ethyl 

a t  8 . 3 0 t  : C-2 m ethyl a t  9 .0 4  and 9*25^ i n  th e  n .m . r .  spectrum . 

Deuterium ox ide  exchange showed th e  l o s s  o f  a peak a t  7 . 8 9 t ,  

a t t r i b u t a b l e  t o  th e  hydroxyl p ro to n .  In  a d d i t i o n  th e  i n f r a - r e d  

spectrum  was t r a n s p a r e n t  i n  th e  ca rbony l '  r e g io n  and showed a 

hyd roxy l a b s o r p t io n  a t  3634cm On th e  b a s i s  o f  t h i s  ev idence

th e  p ro d u c t  was a s s ig n e d  th e  s t r u c t u r e  o f  th e  r e q u i r e d  amino- 

a l c o h o l  ( 23 ) .

The am in o -a lc o h o l (23) was th e n  t r e a t e d  w i th  aqueous sodium 

m e ta p e r io d a te  i n  m ethanol f o r  24 h o u rs  a t  room te m p e ra tu re .  This  

y i e l d e d  a  c l e a r  v o l a t i l e  l i q u i d  which showed one predom inant 

p ro d u c t  on t . l . c .  a n a l y s i s  which i n  a d d i t i o n  gave an orange 

c o l o u r a t i o n  w ith  2 , 4 -d in i t r o p h e n y lh y d r a z in e  s p ra y .  This was 

i s o l a t e d  by p r e p a r a t iv e  t . l . c .  and e x h i b i t e d  a s in g le  peak by 

g . l . c .  a n a l y s i s .  The compound showed c a rb o n y l  a b s o r p t io n  a t  

1710cm ^ and gave an orange 2 , 4 -d in i t ro p h e n y lh y d ra z o n e  which
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a n a ly s e d  f o r  th e  d e r i v a t i v e  o f  th e  k e to n e  ( 2 ) .  F i n a l  c o n f i rm a t io n  

o f  t h e  p ro d u c t io n  o f  th e  r e q u i r e d  k e to n e  was given by th e  n .m .r .  

spec trum  which showed th e  C-2 m ethyl a t  8 .9 3 ^  as  a  sh a rp  d o u b le t ,  

J= 6cps; th e  C-5 m ethyl a s  a f i n e l y  s p l i t  t r i p l e t ,  J= 1 .5cps  a t  

8 . 23T and th e  v i n y l  p ro to n  a t  4 .4 5 ^  a s  a  s u b s p l i t  t r i p l e t .

T h is  was undo u b ted ly  th e  r e q u i r e d  k e to n e  (2) and, a l th o u g h  th e  

o v e r a l l  y i e l d s  from th e  h a l f - e s t e r  (1 5 ) a r e  reduced  due t o  un

f o r e s e e n  b y -p ro d u c ts  which in t r o d u c e  s e p a r a t i o n  d i f f i c u l t i e s ,  t h i s  

i s  a  f e a s i b l e  r o u t e .  However, b e fo r e  a t te m p t in g  t o  improve t h i s  

sequence o r  ta k e  s t e p s  t o  e l im in a te  t h e  t r o u b l e  s p o ts  i t  was 

d e c id e d  t o  approach  th e  second h a l f  o f  th e  problem , th e  a t tach m en t 

o f  t h e  s id e  c h a in ,a n d  so t e s t  th e  o v e r a l l  v i a b i l i t y  o f  th e  p roposed  

r o u t e .

In  v iew  o f  t h e  sm all  q u a n t i ty  o f  t h e  ke tone  (2 ) a v a i l a b l e  a t  

t h i s  p o in t  i t  was d e c id e d  to  e x p lo re  th e  subsequent s te p s  t o  th e  

t o s y l a t e  ( l )  u s in g  th e  more r e a d i l y  a c c e s s i b l e  2 -m e th y l-cy c lo h ep ta n o n e  

(35) a s  a  model. S ince  t h i s  d i f f e r s  from  th e  k e to n e  (2 ) on ly  by  a  

m ethy l group a t  C-5 and th e  double  bond, n e i t h e r  o f  which would 

be  e x p e c te d  t o  p a r t i c i p a t e  i n  any o f  t h e  p roposed  s t e p s  t o  t h e  

t o s y l a t e ,  i t  seemed j u s t i f i a b l e  t h a t  any r e a c t i o n s  s u c c e s s f u l l y  

perfo rm ed  on t h i s  might re a s o n a b ly  be e x p ec ted  t o  work on th e  

c y c lo h e p te n o n e •



The f i r s t  r o u te  a t tem p ted  was the  most d i r e c t ,  i n v o lv in g

a l k y l a t i o n  o f  2 -m ethy lcyc lohep tanone  w ith  l-b rom o-4-m ethy l p e n t -

3-ene  (3)« 2 -m ethy lcyc lohep tanone  was o b ta in e d  by r i n g  expansion
( 2S)

o f  cyclohexanone on t r e a tm e n t  w ith  d ia z o e th a n e  " and th e  mono-

( 2 6 )brom ide ( 3 ) by th e  method o f  Gamboni' ' s t a r t i n g  from b u ty r o l a c to n e

C ondensation  o f  th e s e  was i n i t i a l l y  a t tem p ted  v i a  th e  l i th iu m

(27)e n o l a te  of 2 -m ethy lcyc lohep tanone  by t r e a tm e n t  ' o f  th e  ketone 

w i th  n - b u ty l  l i th iu m  in  te t r a h y d r o f u r a n  fo llow ed  by a d d i t i o n  o f  the  

bromide to  th e  r e s u l t a n t  s o l u t i o n ,  T h is  gave a p o o r is h  y i e l d  o f  

p ro d u c t  which showed a  s i n g l e t  methyl s ig n a l  a t  9 » H t  and a d o u b le t  

m ethyl a t  9*07 T i n  th e  n .m . r .  i n  a d d i t i o n  to  a peak which d is a p p e a re d  

on deu te r iu m  ox ide  exchange. This l a s t  peak might be a s s ig n e d  to  

a  hyd roxy l group and t h i s  was confirm ed by the  i n f r a - r e d  spectrum  

which showed hydroxy l a b s o r p t io n  a t  3625cm

T h is  p ro d u c t  would ap p ea r  to  be th e  a l d o l  s e l f - c o n d e n s a t io n  

p ro d u c t  o f  2 -m ethy lcyc lohep tanone  shown in  ( 36) .  This  must a r i s e  

from in com ple te  fo rm a t io n  o f  the  e n o la te  fo llow ed  by r e a c t i o n  o f  the  

e n o l a t e  formed w ith  excess  ke to n e  in  p re fe re n c e  to  th e  l e s s  

a c c e p ta b le  bromide.

A f u r t h e r  a t te m p t  to  e f f e c t  th e  a l k y l a t i o n  u s in g  sodamide in

te t r a h y d r o f u r a n  was a g a in  u n s u c c e s s fu l  a l th o u g h  t h i s  method had

(28)been u s e f u l l y  employed by Corey to  a l k y l a t e  a b i c y c l i c  a -  

s u b s t i t u t e d  ke tone  w ith  a s i m i l a r  lo n g  ch a in  a l k y l  h a l i d e .



-  124  -

In  view o f the  obvious d i f f i c u l t y  w i th  which th e  a l k y l a t i o n  was 

p ro c e e d in g ,  and the  r e l a t i v e  i n a c c e s s i b i l i t y  o f  the  bromide ( 3)5 

i t  was d ec ided  to  a t te m p t  v a r io u s  a l t e r n a t i v e  a l k y l a t i o n  methods 

u s in g  th e  a v a i l a b l e  n -h ex y l  brom ide. T h is  was o f  s i m i l a r  s t e r i c  

b u lk  to  th e  bromide ( 3) and th e  e f f e c t  o f  th e  double  bond on th e  

a l k y l a t i o n  s te p  was n o t  ex p ec ted  to  be c r u c i a l .

A ttem pted a l k y l a t i o n  w ith  po tass ium  t e r t - b u t o x i d e  in  t e r t -  

b u ta n o l  even w ith  in c re a s e d  r e a c t i o n  t im es  gave a t  b e s t  2 0 /  o f  

i s o l a b l e  m a te r i a l  and t h i s  was shown to  be m ain ly  the  s e lf - c o n d e n s e d  

2 -m ethy lcyc lohep tanone  a l d o l  p ro d u c t  a l r e a d y  en co u n te red .

The use  o f  t r ip h e n y lp o ta s s iu ra  i n  diglyme ^ 0 )  on \ t 2 -  

( 3 l )d im ethoxyethane  a l s o  gave no i s o l a b l e  a l k y l a t i o n  p ro d u c ts  and 

a t  t h i s  p o in t  i t  was dec ided  t h a t  th e  a l k y l a t i o n  o f  the  ke tone  

u s in g  a  bromide o f  t h i s  n a tu re  d id  n o t  c o n s t i t u t e  a p r a c t i c a b l e  

s y n t h e t i c  r o u t e .

The- d i f f i c u l t y  en co u n te red  i n  a l k y l a t i n g  2 - s u b s t i t u t e d  c y c lo -  

h ep tan o n es  and t h e i r  r e s i s t a n c e  to  a v a r i e t y  o f  chem ical r e a c t i o n s  

e . g .  enamine fo rm a t io n ,  i s  a  s t r i k i n g  example o f  the  dangers  o f  

e x te n d in g  th e  scope o f  a  s y n t h e t i c  r e a c t i o n  to  a n o th e r  r i n g  system .

The a l k y l a t i o n  o f  a  b ic y c lo  ( 2 .2 . 1 )  ke tone  (37) w ith  a  compound

( 28)s i m i l a r  to  ( 3) was e f f e c t e d  smoothly by Corey ' b u t  t h i s  i s
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t o t a l l y  in a p p l i c a b le  to  th e  c o r re sp o n d in g  cy c lohep tanone .

■This r e lu c ta n c e  to  a l k y l a t i o n  must stem from th e  d i f f i c u l t y  

i n  e f f e c t i n g  com plete e n o la te  fo rm a t io n  from th e  s u b s t i t u t e d  

c y c lo h ep ta n o n e .  That e n o la te  which i s  formed th en  ap p ea rs  

to  p r e f e r  co n d en sa t io n  w ith  th e  u n re a c te d  ke tone  to  s u b s t i t u t i o n  

on th e  bromide.

W ith th e  f a i l u r e  o f  th e  bromide ( 3 ) a s  an a l k y l a t i n g  a g e n t ,

i t  was dec ided  to  b u i l d  on th e  s id e - c h a in  i n  s tepw ise  f a s h io n ,

M ichael a d d i t i o n  o f  a c ro le in  to  2 -m ethy lcyc lohep tanone  would

g iv e  th e  a ldehyde ( 38)• & s e l e c t i v e  V / i t t ig  r e a c t i o n  w ith  one

mole o f  th e  i s o p ro p y l id e n e  y l i d  (39) shou ld  le a d  to  predom inant

(32)i f  n o t  t o t a l  r e a c t i o n  a t  th e  more r e a c t i v e  a ld e h y d ic  f u n c t io n  

to  g iv e  th e  ke tone  ( 4 0 ) .  T h is  on r e d u c t io n  and t o s y l a t i o n  

would g iv e  ( l )  as  shown in  Scheme F,

However, t r e a tm e n t  o f  2 -m ethy lcyc lohep tanone  w ith  a c r o l e i n  

i n  e th a n o l  w ith  a  c a t a l y t i c  amount o f  sodium hydrox ide  a t  -70°C 

gave p redom inan tly  r e tu r n e d  s t a r t i n g  m a t e r i a l .

I t  was t h e r e f o r e  dec ided  to  amend th e  s t a r t i n g  m a te r i a l  and 

d e te rm ine  w hether th e  above sequence cou ld  be a p p l ie d  to  

2 -ca rb e th o x y cy c lo h ep tan o n e  (4 l )»  which would be expec ted  to  

p a r t i c i p a t e  more fa v o u ra b ly  i n  th e  M ichael c o n d en sa t io n .
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O n 'o b ta in in g  th e  a lky la ted  (3 -k e to -e s te r  ( 4 2 ) ,  i t  was p roposed ,

a s  in  Scheme G, f i r s t  to  reduce  t h i s  w ith  l i th iu m  aluminum

h y d r id e  to  th e  d io l  (43) • S e le c t iv e  p rim ary  t o s y l a t i o n  u s in g

a s in g le  mole o f  p - to lu e n e s u lp h o n y l  chloride should  y i e l d  th e

m o n o - to sy la te  (44 )  which on t r e a tm e n t  w ith  l i th iu m  aluminum 

( 33)h y d r id e '  '  would g ive  th e  a lc o h o l  (45) • This  on t o s y l a t i o n  

would produce th e  compound d e s i r e d  by th e  p re v io u s  r o u te .

2 -ca rb e th o x y cy c lo h ep tan o n e  ( 4 1 ) was p re p a re d  from the  

r e a c t i o n  o f  d i e t h y l  ca rb o n a te  and cyclohep tanone  in  th e  

p re sen ce  o f  sodium h y d r id e  by an a d a p ta t io n  o f  the method o f  

A y e r s t ^ ^ .  This  gave an improved 6 0 /  y i e l d  o f  p ro d u c t  which 

g . l . c .  a n a l y s i s  on 7 / F 6 o / l / Z a t  125° showed to  be a  s in g le  

compound. The co n d en sa t io n  o f  t h i s  w ith  acro le in  proceeded  

smoothly i n  th e  p resen ce  o f  a c a t a l y t i c  amount of sodium e th o x id e  

i n  e th a n o l  a t  -70°C to  y i e l d  on d i s t i l l a t i o n  two f r a c t io n s .

The f i r s t  o f  b o i l i n g  p o in t  117-22°/0.2mm. showed a  s in g le  peak

by g . l . c .  a n a l y s i s .  This  gave a n e g a t iv e  f e r r i c  c h lo r id e  t e s t

and from th e  p resen ce  o f  an a ld e h y d ic  p ro to n  a t  0 . 23r i n  th e

n .m . r .  and th e  la c k  o f  hydroxyl a b s o rp t io n  i n  the  i n f r a - r e d  i n
( 3 5 )

a d d i t i o n  to  the  expec ted  ' s p e c t r a l  f e a t u r e s  was shown to  be 

th e  r e q u i r e d  a d d i t i o n  p ro d u c t  ( 46 ) .
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The second f r a c t i o n  o f  b o i l i n g  p o in t  165-75 0/o,2min. showed 

s i m i l a r  f e a t u r e s  to  the  f i r s t  i n  th e  n .m . r ,  spectrum  b u t  had 

no a ld e h y d ic  re so n a n c e .  I t s  i n f r a - r e d  spectrum  showed th e  

p re se n c e  o f  a  hydroxy l fu n c t io n  and on the  b a s i s  o f  th e se  f a c t s  

t h i s  was presumed to  be th e  a ld o l ' • p r o d u c t , th e  b i c y c l i c  a lco h o l(4 7 )*

For th e  W i t t i g  r e a c t i o n  on t h i s  M ichael ad d u c t ,  th e  r e q u i r e d

phosphonium s a l t ,  iso p ro p y lt r ip h e n y lp h o sp h o n iu m  io d id e  was p re p a re d

i n  Q8p> y i e l d  from a m elt o f  t r ip h e n y lp h o s p h in e  and is o p ro p y l  io d id e

(36)f o l lo w in g  th e  method o f  W i t t i g  . The y l i d  was produced by 

(37)t r e a tm e n t  o f  th e  phosphonium s a l t  in  t e t r a h y d r o f u r a n  w ith  

n - b u ty l  l i th iu m  and th e  aldehyde added i n  t e t r a h y d r o f u r a n .  This  

p ro ced u re  produced on work-up no a p p re c ia b le  p roduc t  b u t  an e x c e l l e n t  

r e t u r n  o f  s t a r t i n g  m a t e r i a l ,

(3B)The m od if ied  p rocedu re  o f  Corey u s in g  sodium h y d r id e  in  

d ry  d im ethyl su lp h o x id e  was th en  a t te m p te d .  This  produced a 

v is c o u s  o i l  which on column chrom atography and subsequent s p e c t r a l  

and g . l . c .  i n v e s t i g a t i o n  was shown to  be a m ix ture  o f  s t a r t i n g  

m a te r i a l  and th e  a lc o h o l  (4 7 ) j th e  l a t t e r  b e in g  the predom inant 

p r o d u c t .
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.In th e  l i g h t  o f  th e se  i n v e s t i g a t i o n s ,  i t  appea rs  t h a t  

a l th o u g h  th e  d im e th y lcy c lo h e p ten o n e  ( 2 ) i s  a v a i l a b l e ,  w ith  

d i f f i c u l t y ,  i t s  subsequen t e l a b o r a t i o n  to  th e  b io g e n t i c  p r e c u r s o r  

v i a  ( 1 ) p r e s e n t s  problem s v/hich have y e t  to  be so lv e d .
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EXPHRBiENTAL:

2 -carb e th o xy~ 2-m eth ,y lcyc lopen tanone  ( l l )

(3)T his was p re p a re d  by th e  method o f  N ico le  and was o b ta in e d  in  

7 9 /  y i e l d  a s  a  c l e a r  l i q u i d ,  b . p t .  110-2°/20mm. T his showed a s in g le  

peak  w ith  Rt = 17*5 min. on 7% F60/ 1/  Z a t  100° and 40 m l./m in , by

g . l . c .  a n a ly s i s .  I t  showed a s in g le t  m ethy l reso n an ce  a t  8 . 76T in

CC1 “1th e  n .m .r .  spectrum ; Yq_q4 1733 and 1733 cm in  th e  i n f r a  r e d  and

gave a  n e g a tiv e  f e r r i c  c h lo r id e  t e s t .

2 -carbe tho :xy -3 -E te th y lcy c lo p en tan o n e  (4 )

T h is  was p re p a re d  by tre a tm e n t of (11) w ith  sodium e th o x id e

fo llo w in g  th e  p ro ced u re  o f  S i s i d o ^ a n d  was o b ta in e d  in  75% y i e l d

as  a c l e a r  l i q u i d ,  b . p t .  113-6°/20mm. G . l . c .  a n a ly s i s  in d ic a te d  th e

p re se n c e  o f  a s in g le  com ponent, Rt = 2 2 .0  m in. on 7% F 6 0 / l /  Z a t

100° and 40 m l./m in . T his gave a p o s i t i v e  f e r r i c  c h lo r id e  t e s t ;

shov/ed a  d o u b le t m ethyl re so n an ce  c e n t r e d  a t  8 .92  T ( J  = 6 cp s) in
Cci —

th e  n .m .r .  and had Y q- q^ 1731 a^d 1753 cm in  th e  i n f r a  r e d  sp ec 

trum .

1 -ca rb e th o x y -4 ~ h y d ro x y --2 ,5 -d im e th y lb ic y c lo (3 » 2 .1 . )o c ta n -8 -o n e  (5 )

A m ix tu re  o f  2 ~ carb e th o x y -5 -m eth y lcy c lo p en tan o n e  (4 ) (25 

0 .147  m .) and f r e s h ly  d i s t i l l e d  c ro to n a ld e h y d e  (11 .35  g»; 0.162  m .) 

c o o le d  i n  i c e ,  was added ro  a s o lu t io n  o f  sodium (200 mg.) in  

anhydrous e th a n o l (200 m l . ) ,  w ith  a few c r y s t a l s  o f  hydroquinone 

added, a t  -70°C o v er 1 hour w ith  s t i r r i n g  and th e  m ix tu re  l e f t  to
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s t i r  a 'f u r th e r  two h ou rs a t  room te m p e ra tu re .  G la c ia l  a c e t i c  a c id  

was added to  pH 7 and th e  e th a n o l rem oved u nder red u ced  p r e s s u re .

The r e s id u e  was d is s o lv e d  in  e th e r ,  w ashed w ith  b r in e ,  s a tu r a te d  

sodium b ic a rb o n a te ,  w a te r  and th e n  d r ie d .  On rem oval o f  th e  e th e r ,  

d i s t i l l a t i o n  o f  th e  r e s id u e  y ie ld e d  2 7 .2  g .(7 7 Z ) o f a  c l e a r  v is c o u s  

o i l ,  b . p t .  1 7 0 -5 ° /0 .2  mm. G . l . c .  a n a ly s i s  on 5% -&PL a t  150° and 30 

m l./m in . showed th e  p re se n c e  o f  th e  two ep im eric  a lc o h o ls  (3 ) w ith  

Rt = 32*5 and 3 5 .3  m in. and th e  a ld e h y d e -e s te r  (12) w ith  Rt = 15*9 

m in ., co m p ris in g  63; 30 ; and 5% o f  t o t a l  p ro d u c t r e s p e c t iv e ly .  

I n te g r a t io n  o f  th e  a ldehyde  p ro to n  a t  0 .2 8 t  a g a in s t  th e  e s t e r  

.m ethylene s ig n a l  showed th e  a ld e h y d e -e s te r  im p u rity  to  be l e s s  th a n  

3 /  by n .m .r .  The n .m .r .  spectrum  o f  a pure  sample o f a lc o h o l ( 3 ) ,  

o b ta in e d  by p r e p a ra t iv e  t . l . c . ,  showed i n  i t s  n .m .r .  spectrum  C-3 

m ethyl a t  8 .9 7 t  (3 x H ,s in g le t ) ; C-2 m ethy l a t  9 *09 t (3 x H ,d o u b le t,

J= 7 cp s); e s t e r  m ethyl a t  8 .7 4 t; ( 3 x H , t r i p l e t , J  = 7 c p s ) . The i n f r a  r e d

CC1 —1 —1spectrum  showed y  q_q4 1735 cm ( e s t e r )  and 17^1 cm ( t i c y c l i c
CC1 a A

k e to n e )  and ^4 3^31 cm ( f r e e  h y d ro x y l)  and 3400-35&0 cm (bonded 

h y d ro x y l) .  Found C ,64 .15 ; H ,8.46* ^ ^ 2 0 ^ 4  r e Ga^r e s  C ,64 .98 ; H ,8 .3 9 / .  

1 - c a rb e th o x y -2 , 5 -d in ie th y l-4 - t  o s y lo x y b ic y c lo ( i .2 .1  )o c ta n -S -o n e  (6 )

A s o lu t io n  o f  p - to lu e n e s u lp h o n y l c h lo r id e  (18 .5  g*; 0 .097  m .) in  

d ry  p y r id in e  (75 m l.)  was added dropw ise w ith  s t i r r i n g  to  a  m ix tu re  

o f  th e  ep im eric  b ic y c l ic  a lc o h o ls  (5 ) (15*5 g*j O.O63 m .) a t  0°C 

and th e  m ix tu re  a llo w ed  to  s t i r  a t  room te m p e ra tu re  f o r  fo u r  d ay s .
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The r e a c t io n  m ix tu re  was th e n  poured  on to  ic e  (75 g . ) and l e f t  to

s ta n d  f o r  24 h o u rs . The p ro d u c t was e x t r a c te d  w ith  e th y l  a c e ta te  and

th e  o rg a n ic  l a y e r s  washed th o ro u g h ly  w ith  d i l u t e  h y d ro c h lo r ic  a c id

to  remove ex cess  p y r id in e ;w i th  sodium b ic a rb o n a te  s o lu t io n ;  w a te r

and th e n  d r ie d .  On rem oval o f  th e  .so lv e n t th e r e  was o b ta in e d  a

v is c o u s  l i g h t  r e d  o i l ,  w hich p a r t l y  s o l i d i f i e d  on s ta n d in g  to  g iv e

1 9 .9  g . ( 7 9 .5 / )  o f  p ro d u c t. The whole was d is s o lv e d  in  h o t e th a n o l

and, on c o o lin g , 2 .4  g . o f  a w h ite  c r y s t a l l i n e  s o l id ,  z i .p t.  162- 3° ,

were o b ta in e d . (Found C ,6 0 .8 8 ; H ,6 .5 1 . C ..H  ,0  S r e q u i r e s  C ,6 0 .9 0 ;
20 2b 3

H ,6 . 64/ ) .  T his was shown by n .m .r .  t o  be th e  a x i a l  epim er o f  (6 ) by 

th e  C-4 p ro to n  s ig n a l  a t  5 » 3 t, w ith  h a l f  band w id th  o f  10 c p s . The 

n .m .r .  spectrum  a ls o  showed C-5 m ethyl a t  9 « 1 3 ^ (3 x E ,s in g le t) ;  C-2 

m ethyl a t  9 .0 9 't(3 x H ,d o u b le t,J  = 7 o p s ) ;  e s t e r  m ethyl a t  8 .70 r(3xH , 

t r i p l e t , J =  7 c p s ) ;  a ro m a tic  m ethyl a t  7 .3 2 't ( 3 x H ,s in g le t) and an

~2^2 aroma^ - c P1̂ 011 system  betw een 2.1 and 2 .7 ^ . The i n f r a  r e d
c c i  _-j _-j

spectrum  showed y 4 1734 cm ( e s t e r )  and 1766 cm (b ic y c l ic  k e to n e )  
O — U

CCI —1a n d y qn 4  1178 and 1371 cm . The r e s id u e  co u ld  be c r y s t a l l i s e d  from
2

e th a n o l to  y i e ld  w h ite  n e e d le s ,  m .p t. 8 1 -2 ° . (Found C ,61 .06 ; H ,6 .4 4 . 

^20^26^5 !3 r e q u i r e s  C ,6 0 .9 0 ;H ,6 . 64/ ) .  T h is was shown to  be th e  more 

p o la r  e q u a to r ia l  ep im er from  th e  h a l f  band w id th  o f  th e  C-4 p ro to n  

o f  4  cps a t  5 .6 't .  The n .m .r .  spectrum  a ls o  showed C-5 m ethyl a t  

9.1 O tO x H ,s in g le t ) ;  C-2 m ethyl a t  9 . 0 5 t ( 3 x K , d o u b le t ,J  = 7 c p s ) ;
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e s t e r  m ethyl a t  8 . 72 %(3x 11, t r i p l e t , J  = 7 c p s ) ;  a ro m a tic  m ethyl a t

7*51^(3x11,s i n g l e t ) and a ro m a tic  p ro to n s  (4xfl) as  an AgB system

CCI —1betw een  2.1 and 2 . 7 ^  The i n f r a  r e d  spectrum  showed Yq^qA- 1736 cm

*I CCI *1( e s t e r )  and  1766 cm~ ( b ic y c l ic  k e to n e )  and 4 1179 and 1379 cm

T reatm ent o f th e  ep im eric  to s .y la te s  (6 ) w ith  sodium e th o x id e

A s o lu t io n  o f  th e  ep im eric  t o s y l a t e s  (6 ) (12 g . ;  0.031 m .) i n

h o t anhydrous e th a n o l (60 m l.)  was added to  a s o lu t io n  o f sodium

e th o x id e  i n  e th a n o l (from  0.915 g* sodium and 120 m l. e th a n o l)  a t

60°C. An a lm ost im m ediate p r e c i p i t a t i o n  o c c u rre d  and th e  m ix tu re

was r e f lu x e d  w ith  s t i r r i n g  f o r  a  f u r t h e r  15 min. I t  was th e n  c o o le d ,

p o u red  on to  i c e ,  a c i d i f i e d  w ith  6N h y d ro c h lo r ic  a c id  and e x t r a c te d

w ith  e th e r .  The e th e r e a l  e x t r a c t s  w ere w ashed w ith  b r in e ,  d r ie d

and th e  e th e r  removed to  y i e l d  a  m ix tu re  which gave on d i s t i l l a t i o n

6 .2 3  g« o f  a  c l e a r  o i l ,  b . p t .  1 0 5 -8 ° /0 .2  mm. G . l .c .  a n a ly s i s  o f  th e

p ro d u c t showed i t  to  c o n s is t  o f  two com ponents in  th e  r a t i o  2 :3

w ith  r e t e n t io n  tim e s  34.1 and 4 1 .8  m in. on 1 0 /  APL a t  150° and 45

m l./m in . and 54*0 and 6 6 .0  min. on 1 /  SE30 a t  100° and 60 m l./m in .

r e s p e c t iv e l y .  Combined gas ch rom atograph /m ass sp e c tro m e te r  a n a ly s i s

on 1 /  SE30 con firm ed  th e  iso m e ric  n a tu re  o f  th e  p ro d u c ts  w hich b o th

had m o lecu la r w eigh t 268 , t h a t  o f  th e  a n t i c ip a te d  p ro d u c t, 1 , 1 - d i -

c a rb e th o x y -2 ,5 -d ira e th y lc y c lo h e p t-4 -e n e  (7 ) .

A ttem pted  conver s io n  o f  t h e i som eric m ix tu re

A 25 mg. sample o f  th e  iso m e ric  m ix tu re  o b ta in e d  above was
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s u b je c te d  to  th e  fo llo w in g  tr e a tm e n ts  and th e  p ro d u c ts  a n a ly se d  by 

g . l . c .

(a )  A sam ple o f  th e  iso m e ric  m ix tu re  was r e f lu x e d  f o r  72 h o u rs  in  

5 m l. o f  ch lo ro fo rm  w ith  10 mg. o f  p - to lu e n e s u lp h o n ic  a c id  added .

The m ix tu re  was c o o le d , 5 m l. o f  w a te r  added and th e  s o lu t io n  

n e u t r a l i s e d  w ith  4N sodium h y d ro x id e . The o rg an ic  la y e r  was s e p a r 

a te d  and th e  aqueous la y e r  e x t r a c te d  w ith  ch lo ro fo rm . The com bined 

o rg a n ic  la y e r s  were washed w ith  b r in e ,  d r ie d ,  th e  c h lo ro fo rm  removed 

and th e  m ix tu re  a n a ly se d  by g . l . c .  No a p p a re n t change in  th e  p ro p o r

t i o n  o f  th e  two iso m ers  was o b se rv ed .

A sample was r e f lu x e d  f o r  72 h o u rs  i n  5 ml. o f  th e  sodium 

e th o x id e  s o lu t io n  u sed  in  th e  o r ig i n a l  r e a c t io n .  The m ix tu re  was 

s u b je c te d  to  th e  w ork-up p ro ced u re  f o r  th e  o r ig i n a l  r e a c t io n  and th e  

p ro d u c t showed no co m p o sitio n  change on g . l . c .  a n a ly s i s .

(c )  A sample was r e f lu x e d  f o r  72 h o u rs  i n  a m ix tu re  o f  5 nil. o f  

e th a n o l and 1 ml. o f  conc . h y d ro c h lo r ic  a c id .  The m ix tu re  was th e n  

pou red  on to  i c e ,  n e u t r a l i s e d  w ith  4N sodium h y d ro x id e , e x t r a c te d  w ith  

e th e r  and i s o l a t e d  a s  in  ( a ) .  G . l . c .  a n a ly s i s  o f  th e  p ro d u c t showed 

no change.

T reatm ent o f th e  a x i a l  to s .y la te  (6 ) w ith  sodium e th o x id e

The a x i a l  to s y l a t e  (6) (100 mg.) was t r e a t e d  w ith  sodium e th o x id e  

in  e th a n o l ,  as  f o r  th e  ep im eric  m ix tu re . Follow ing th e  same work

up p ro c e d u re , th e r e  was o b ta in e d  92 mg. o f  p ro d u c t, w hich was shown



by t . l . c ,  and i t s  i n f r a  re d  spectrum  to  be i d e n t i c a l  w ith  th e  

s t a r t i n g  a x i a l  t o s y l a t e .

Treatm ent o f  th e  e q u a to r ia l  t o s y l a t e  (6 ) w ith  sodium e th o x id e

A s o lu t io n  o f  pu re  e q u a to r ia l  t o s y l a t e  (6) (13 g . ;  0 .034  m .) in  

h o t anhydrous e th a n o l (65 m l.)  was added t o  a s o lu t io n  o f  sodium 

e th o x id e  (from  1 g . sodium and 125 nil. e th a n o l)  a t  60°  and th e  

m ix tu re  r e f lu x e d  f o r  15 min. The m ix tu re  was c o o le d , poured  on to  i c e ,  

c a r e f u l ly  n e u t r a l i s e d  to  pH 7 w ith  6N h y d ro c h lo r ic  a c id  and e x t r a c te d  

w ith  e th e r .  The e th e r e a l  e x t r a c t s  were washed th o ro u g h ly  w ith  b r in e ,  

d r ie d  and th e  e th e r  removed to  g iv e ,  on d i s t i l l a t i o n  o f  th e  r e s id u a l  

o i l , 7*0 g . (78/ )  o f  a c l e a r  l i q u i d ,  b . p t .  1 0 3 -6 ° /0 .2  mm. G . l .c .  

a n a ly s i s  showed t h i s  to  be a s in g le  compound Bt = 4 1 .7  min. on 1 0 /

APL a t  150° and 45 m l./m in . (Found C ,6 6 .8 8 ; K ,8 .8 3 . C

r e q u i r e s  C ,67 .14 ; H ,9 .0 1 /)  T h is  was th e  e x p ec ted  d i e s t e r  (7 ) and

CCI —1 \ CCI —1
showedy q_q4 1735 cm ( e s t e r )  an d y ^ , ^4 3033 cm (double bond) in

th e  i n f r a  r e d  spec trum . The n .m .r .  spec trum  showed e s t e r  m ethyl(6xH ,

t r i p l e t , J  = 7 c p s )  a t  8 .78 t ; C-2 m ethy l (3 x K ,d o u b le t, J= 7 c p s )  a t

9 .1 1 ^ ; C -5 .m ethy l (3xH ,broad s i n g l e t )  a t  8 .3 2t  and a  v in y l  p ro to n

( lx IT ,m u l tip le t) a t  4 .6 5 ^ .

A ttem pted  e q u i l ib r a t io n  o f  th e  pu re  d i e s t e r  (7)

(a )  Thermal tre a tm e n t

A sample o f  pu re  d i e s t e r  (7 ) was h e a te d  and a l iq u o ts  rem oved f o r  

g . l . c .  a n a ly s i s  on 10;j APL a t  150°. K ea tin g  tim es  o f  15 min, ov er a



ran g e  o f  te m p e ra tu re s  betw een 65° and 180° showed no e q u i l i b r a t i o n  

on g . l . c ,  a n a ly s i s .

Cb) E f f e c t  o f  r e a g e n ts

A sam ple o f  p u re  d i e s t e r  (7 ) (25rag*) was r e f lu x e d  f o r  15 m in. 

i n  5ml* e th a n o l in  th e  p re se n c e  o f  an  a d d i t io n a l  r e a g e n t .  The m ix tu re  

was c o o le d , f lo o d e d  w ith  w a te r ,  n e u t r a l i s e d  i f  n e c e s s a ry  and e th e r  

e x t r a c te d .  The e th e r  e x t r a c t s  w ere b r in e  w ashed, d r ie d  and , on th e  

rem oval o f  s o lv e n t ,  th e  r e s id u e  a n a ly se d  by g . l . c .  on 10^o APL a t  1 5 0°. 

The r e s u l t s  o b ta in e d  a re  shown in  th e  t a b l e .

R eagent Q u an tity R e su lt

h y d ro c h lo r ic  a c id 2 drops is o m e r is a t io n

s u lp h u r ic  a c id 2 d rops is o m e r is a t io n

a c e t i c  a c id 5 d rops no change

sodium  a c e ta t e 10mg. no change

p - to lu e n e s u lp h o n ic  a c id 10mg. is o m e r is a t io n

a x i a l  to s y l a t e 10mg. no change

sodium  e th o x id e from  10mg. Na no change

A ttem pted  h y d ro ly s is  o f  th e  d i e s t e r  (7 )

(a ) P o tass iu m  hy d ro x id e  -  m ethanol

A s o lu t io n  o f  th e  d i e s t e r  (7 ) ( 6 .0 g . ;  0 .022m .) and p o ta ss iu m  

h y d ro x id e  ( l .5 g * )  in  m ethanol (50m l.)  was r e f lu x e d  f o r  16 h o u rs .

On c o o lin g  th e  ex ce ss  m ethanol was removed u nder red u ce d  p r e s s u r e ,
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th e  r e s id u e  d is s o lv e d  in  w a te r  and e x t r a c te d  w ith  e th e r .  The e th e r e a l  

e x t r a c t s  were d is c a rd e d . The aqueous l a y e r  was c a r e f u l ly  n e u t r a l i s e d  

w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  e x t r a c te d  w ith  e th e r  and th e  e th e r e a l  

e x t r a c t s  washed th o ro u g h ly  w ith  b r in e  and d r ie d .  Removal o f  th e  

s o lv e n t and d i s t i l l a t i o n  gave 4 .4 8 g . (82%) o f  a c l e a r ,  v is c o u s  o i l ,  

b . p t .  133-6G/0.25mm. Found, C ,6 5 .0 1 ; H ,8 .1 4 . C-j 3^20^4 r e l u^r e s  

0 ,6 4 .9 8 ; H,8.39/£* The p ro d u c t,  on m e th y la t io n  w ith  d iazom ethane, 

showed a  s in g le  p eak , Rt = 21 .5m in . on 10% APL a t  150° and 60m l/m in.

The n .m .r  spectrum  showed an a c id  p ro to n  a t  - 0 . 1 t ( 1 x H , b ro a d  s i n g l e t ) ;  

e th y l  e s t e r  m ethyl a t  8 . 7 3 'f (3 x H ,tr ip le t ,J = 7 c p s )  and m ethylene a t  5 -7 4  T 

(2 x H ,q u a r te t)  and a v in y l  p ro to n  a t  4* 6 ^ (1 xH ,broadened s i n g l e t ) ,  i n

a d d i t io n  to  th e  C-2 and C-5 m ethyl s ig n a l s  as  n o te d  in  th e  d i e s t e r (7 )

CCI —1 —1The i n f r a  r e d  spectrum  showed 1708 cm (a c id )  and 1738 cm
m  —1 —1

( e s t e r )  and y q ^4 3628 era ( f r e e  h y d ro x y l)  and 2400-3300 cm

(bonded h y d ro x y l) . T h is was, t h e r f o r e ,  n o t th e  ex p ec ted  d ia c id  (14) 

o r  th e  monoacid (8 ) b u t th e  h a l f - e s t e r  (1 3 )*

(h ) P o tassium  hyd ro x id e  -  m ethanol -  w a te r

A s o lu t io n  o f  th e  d i e s t e r  (7 ) ( 2 .0 g . ;  0 .007m .) and p o ta ss iu m  

h y d ro x id e  (0 .5 g » ) in  a  m ix tu re  o f  m ethano l (20m l.) and w a te r  (5 m l.)  

was r e f lu x e d  f o r  16 h o u rs . F ollovring  th e  work-up p ro ced u re  em ployed 

i n - ( a ) ,  th e r e  was o b ta in e d  1 , 5 g . (80/6) o f  p ro d u c t w hich showed id e n t 

i c a l  t . l . c .  and s p e c t r a l  p r o p e r t i e s  to  th e  h a l f - e s t e r  (15)•
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( e ) ' P o tassium  h y d ro x id e  -  aqueous d ioxan

A s o lu t io n  o f  th e  d i e s t e r  (7 ) (1»5s* j 0 .006m .) and p o ta ss iu m  

hy d ro x id e  ( 0 .4 g .)  i n  a m ix tu re  o f  w a te r  (3 m l.)  and d ioxan  (2 0 m l.) 

was r e f lu x e d  f o r  16 h o u rs . The m ix tu re  was co o le d  and e x t r a c te d  w ith  

e t h e r .  The aqueous la y e r  was c a r e f u l ly  n e u t r a l i s e d  w ith  6N hydro 

c h lo r i c  a c id ,  e x t r a c te d  w ith  eb h e r  and th e  e th e r e a l  l a y e r s  washed v /ith  

h r in e ,  sodium b ic a rb o n a te  s o lu t io n ,  w a te r  and d r ie d .  Removal o f  th e  

so lv e n t y ie ld e d  1 .0 g .(7 5 /^ ) o f  p ro d u c t, w hich was shown to  be m ain ly  

th e  h a l f - e s t e r  by t . l . c .  a n a ly s i s .  A sm all more p o la r  im p u rity  m ight 

have been  th e  d ic a rb o x y lic  a c id .

T reatm ent o f th e  e q u a to r ia l  t o s y l a t e  (6 ) w ith  KOH in  aq . d ioxan  

A s o lu t io n  o f  th e  e q u a to r ia l  t o s y l a t e  (6 ) (200mg.) i n  d ioxan  

(3 m l.)  was added to  a s t i r r e d  s o lu t io n  o f  p o tass iu m  hyd ro x id e  (50mg.) 

in  w a te r  (1 m l.)  and th e  m ix tu re  r e f lu x e d  f o r  30niin. Tt th e n  co o le d  

d i l u t e d  w ith  w a te r  and  c a r e f u l ly  n e u t r a l i s e d  w ith  6ll h y d ro c h lo r ic  

a c id .  The m ix tu re  was e th e r  e x t r a c te d  and th e  e x t r a c t s  washed w ith  

b r in e  and d r ie d .  Removal o f  th e  s o lv e n t  y ie ld e d  110mg. o f  an o i l  

w hich had s im i la r  i n f r a  r e d  and n .m .r .  s p e c tr a  to  th e  h a l f - e s t e r  ( 1 5 )* 

M e th y la tio n  o f  a sample and su b seq u en t g . l . c .  a n a ly s i s  on 10/-> APL 

a t  150° and oO m l./m in. showed a s in g le  p eak , Rt = 21 . 5 n i n . , 

c o rre sp o n d in g  to  t h a t  o f  th e  h a l f - e s t e r  (15)*
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1 -o a rb e th o x y ~ 2 ,5 ” d im ethy lc .yc lohep t-4 --ene (16 )

A s o lu t io n  o f  th e  h a l f - e s t e r  (13) (4 .0 g .;0 .0 1 7 m .) in  d ry  p y r id in e  

(25m l .) jw i th  a few b o i l in g  s to n e s  added , was r e f lu x e d  f o r  4  h o u rs .

The p y r id in e  was removed u n d er red u ce d  p re s s u re  and th e  re s id u e  

d is s o lv e d  in  e th e r  and washed w ith  4N sodium hy d ro x id e  to  remove any 

unchanged a c id .  The e th e r e a l  la y e r  was washed w ith  b r in e ,  d r ie d  and 

d i s t i l l e d  to  y i e l d  2 . 47g » (76/ )  o f  th e  m o n o -este r (1 6 ) a s  a c l e a r  

l i q u i d ,  b . p t .  85~90°/0.23m m. R e d i s t i l l a t i o n  y ie ld e d  an  a n a l y t i c a l  

sam ple. (Found, C ,7 2 .8 3 ; 11,10.16. ^^2^20^2 reclu^r e s  C ,73*43; H ,1 0 .2 7 ^ .
CCI —1 c m  —1

T his showed Yq_ q̂  ^732 cm ( e s t e r )  a n d y ^  ^4 3035 cm (doub le  bond)

i n  th e  i n f r a  r e d  spectrum  and had Rt = 18min. on 10jo APL a t  125°

and  5 5 m l./m in . by g . l . c .  a n a ly s i s .  The n .m .r .  spectrum  showed e s t e r

m ethy l a t  8 , 76t (3xH ,t r i p l e t , J = 7 c p s ) ;  0-5  m ethyl a t  8 . 31t  (b roadened

s i n g l e t ) ;  C-2 m ethyl a t  9 .1 0 /l(3 x H ,d o u b le t,J= 5 c p s ) ; and  v in y l  p ro to n

a t  4 .5 3 ^ (1 x H ,b ro ad ).

1 -c a rb o x y -2 ,5 ~ d im e th y lc .y c lo h e p t-4 -e n e  (8 )

A s o lu t io n  o f  th e  m o n o -es te r (16) ( 2 . 2 g . ; 0 .0 1 1m ,) and p o ta ss iu m  

h y d ro x id e  (0 .7 5g») i n  m ethanol (2 5 m l.)  was r e f lu x e d  f o r  16 h o u rs .

The m ix tu re  was c o o le d  and th e  m ethanol removed u n d er 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  w a te r , e x t r a c te d  w ith  e th e r  and th e  

e th e r e a l  e x t r a c t s  d is c a rd e d . The aqueous s o lu t io n  v/as c o o le d  in  ic e  

and th e  a c id  l i b e r a t e d  by c a r e f u l  a d d i t io n  o f  6x1 h y d ro c h lo r ic  a c id .

The m ix tu re  was e x t r a c te d  w ith  e th e r  and th e  e th e r e a l  e x t r a c t s
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w ashed w ith  "brine, d r ie d  and e v a p o ra te d  to  y i e ld  on d i s t i l l a t i o n

1*53g»(83?°) o f  a c l e a r ,  v is c o u s  o i l ,  b . p t .  120-4°/0 .35aun. Found,

C ,71 .42 ; H ,9 .4 8 . re (2u i r e s  c *71«39; H,9.59%-* T his showed

Y^ 4  1707 cm”  ̂ ( a c id )  a n d y ^ ^ i -  3531 cm  ̂ ( f r e e  h y d ro x y l) and 

“12500-3400 cm ("bonded h y d ro x y l)  i n  th e  i n f r a  r e d  spec trum . The 

n .m .r .  spectrum  showed a  v in y l  p ro to n  a t  4 . 6 0 t ( 1 x H ,b ro a d ) ;  a c id  

p ro to n  a t  0 .8^(1  xH,"broad) in  a d d i t io n  to  th e  C-2 and  C-5 m e th y ls  as  

b e fo re .  G -.l.c . a n a ly s i s  o f  th e  c o rre sp o n d in g  m ethyl e s t e r ,  p re p a re d  

by  m e th y la t io n  w ith  d iazom ethane , showed a  s in g le  peak w ith  Rt = 

12 .7m in . on 10/S APL a t  125° and Zj.5ml./min.

T reatm ent o f  th e  m ono-acid  (8 ) w ith  l e a d  t e t r a a c e t a t e

A s o lu t io n  o f  th e  m ono-acid  (8 ) ( l .O g . ;  0 .0 6 m .) and anhydrous 

p o ta ss iu m  a c e ta t e  (5 « 8 g .)  in  g l a c i a l  a c e t i c  ac id  (2 0 m l.) was h e a te d  

to  70°C and f r e s h ly  r e c r y s t a l l i s e d  le a d  t e t r a a c e t a t e  ( 4 .0 g .)  added 

i n  p o r t io n s  w ith  s t i r r i n g  o v e r J  h o u r. E v o lu tio n  o f ca rb o n  d io x id e  

o c c u rre d  and th e  m ix tu re  was s t i r r e d  f o r  a f u r th e r  ■§■ hour a t  70+_ 5°C 

u n t i l  e v o lu tio n  had c e a se d . The m ix tu re  was c o o le d , d i l u te d  w ith  

w a te r  and e x t r a c te d  w ith  p e n ta n e . The com bined p en tan e  e x t r a c t s  were 

w ashed w ith  10/S sodium b ic a rb o n a te  s o lu t io n ,  d r ie d  and e v a p o ra te d  

to  y i e l d  6 l0 m g .(56/S) o f  p ro d u c t ,  l o t h  t . l . c .  and g . l . c .  a n a ly s i s  on 

1 0 p  APL a t  125° showed th e  p re se n c e  o f  a number o f  p ro d u c ts .  A ttem pts 

to  p u r i f y  t h i s  by  p r e p a r a t iv e  t . l . c .  w ere u n s u c c e s s fu l ,  th e  on ly  

re a so n a b ly  pu re  p ro d u c t i s o la b le  showing an a c e ta te  m ethyl a t  7«98T
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i n  th e  n .m .r .  spec trum , h u t  no v in y l  p ro to n  and no v in y l  m ethyl

s ig n a l .  T his was p o s s ib ly  th e  a c e to x y - la c to n e  (17) i n  v iew  o f  a

~"1sh o u ld e r  a t  around 1765 cm ( l i q u id  f i lm )  i n  th e  i n f r a  r e d  c a rb o n y l 

r e g io n .

P re p a ra t io n  o f  th e  a c id  c h lo r id e  (25)

T h iony l c h lo r id e  (3*6g»; 0 .03m .) was added dropw ise t o  a 

s o lu t io n  o f  th e  h a l f - e s t e r  (1 5 ) (5 . 0g . ;  0 . 021m .) in  d ry  benzene 

( 25m l.)  and th e  m ix tu re  r e f lu x e d  f o r  2 h o u rs . Removal o f  th e  benzene

and ex ce ss  th io n y l  c h lo r id e  u n d er red u ce d  p re s s u re  y ie ld e d  4 .8 0 g .

—1 —1(88fa) o f  a l i q u i d  w hich showed Yg_o 1735 cm ( e s t e r )  and 1800 cm

(a c id  c h lo r id e )  and was t r a n s p a r e n t  i n  th e  hyd roxy l r e g io n  in  a

l i q u i d  f i lm  i n f r a  r e d  spec trum . T his was u sed  in  th e  n e x t s ta g e

w ith o u t f u r th e r  p u r i f i c a t i o n .

P re p a ra t io n  o f  th e  a z id e  ( 26 )

A 25/S s o lu t io n  o f  sodium a z id e  ( l .3 g * )  in  w a te r  was added dropw ise

t o  a s o lu t io n  o f  th e  a c id  c h lo r id e  ( 25 ) (4«80g .; 0 .018m .) in  d ry

a c e to n e  (25m l.) a t  0°C and th e  m ix tu re  a llo w ed  to  warm up to  room

te m p e ra tu re  and. th e n  s t i r r e d  f o r  2 h o u rs . The m ix tu re  was th e n

flo o d e d  w ith  w a te r  and e x t r a c te d  w ith  b en zen e . The com bined benzene

e x t r a c t s  were washed w ith  b r in e ,  d r ie d  and th e  g r e a t e r  p a r t  o f  th e

s o lv e n t removed u nder red u ce d  p r e s s u r e .  I n f r a  re d  a n a ly s i s  o f  th e

-1r e s u l t a n t  l i q u i d  showed a sh a rp  in te n s e  peak  a t  2130 cm ( l i q u id

f i lm )  due to  II=N s t r e t c h in g  and th e  l o s s  o f  th e  a c id  c h lo r id e  c a rb o n y l 

-1peak a t  1800cm
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R earrangem ent o f  th e  a z id e  (26) to  th e  is o c y a n a te  (2 7 )

A s o lu t io n  o f  th e  a z id e  (26 ) i n  d ry  benzene (25ml*) was h e a te d

u n d er re f lu x *  The c o n v e rs io n  o f  th e  a z id e  to  is o c y a n a te  ( 27 ) was

m o n ito red  by i n f r a  r e d  a n a ly s i s  o f  a l iq u o t s  removed from  th e  r e a c t io n .

A f te r  1?> h o u rs , th e  a z id e  peak  a t  2130 cm  ̂ had d is a p p e a re d  and had

-1been  re p la c e d  by an is o c y a n a te  peak  a t  2270 cm . At t h i s  p o in t  th e  

benzene was removed u n d er red u ce d  p re s s u re  to  y ie ld  2 .9 5 g .( 7 3 /  

o v e r a l l  from  th e  a c id  c h lo r id e )  o f  is o c y a n a te  (27) w hich was u se d  

w ith o u t f u r t h e r  p u r i f i c a t i o n .  

h y d ro ly s is  o f  th e  iso c y a n a te  ( 27 )

A s o lu t io n  o f  th e  is o c y a n a te  ( 27 ) (2.95g»> 0 .012m .) and p o ta ss iu m  

hy d ro x id e  ( 2 .0 g .)  in  a m ix tu re  o f  w a te r  (6 .0 m l.)  and m ethanol (8 0 m l.) 

was r e f lu x e d  f o r  30 min. The m ix tu re  was poured  on to  ic e  and e th e r  

e x t r a c te d .  The e th e r e a l  e x t r a c t s  were w ashed w ith  b r in e ,  d r ie d  and 

d i s t i l l e d  to  y i e l d  1 .4 0 g . (53/J) o f  n e u t r a l  m a te r ia l ,  b . p t .  1 0 0 -1 2 0 ° /

0.25mm. The aqueous s o lu t io n  was c a r e f u l ly  a c i d i f i e d  w ith  6N hydro

c h lo r i c  a c id  and e x t r a c te d  w ith  e t h e r .  The e th e r e a l  e x t r a c t s  w ere 

washed w ith  b r in e ,  d r ie d  and e v a p o ra te d  to  y i e l d  63Omg.( 27/ )  o f  

a c id ic  m a te r ia l  ( o v e r a l l  y i e l d  = 80 ;:). T . l . c .  a n a ly s i s  o f  th e  a c id ic  

f r a c t i o n  showed i t  to  c o n s is t  o f  two com ponents. The m inor one 

co rresp o n d ed  to  th e  h a l f - e s t e r  (1 5 ) and th e  m ajo r, which was i s o l a t e d  

by p r e p a r a t iv e  t . l . c . ,  showed an a c id  p ro to n  a t  -1.45T3 C-5 m ethyl a t
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8 * 2 3 C-2 m ethyl a t  9 .0 3 T and a v in y l  p ro to n  a t  4 .3 3 ^ . The i n f r a
CCI —1

re d  spectrum  showed Yq_ q4 1703 cm ( a c id )  and a "broad h y d ro x y l band

—1 —1from  2400 cm t o  3500 cm . T his was th e  am in o -ac id  (2 9 ) .

G . l . c .  a n a ly s i s  o f  th e  n e u t r a l  f r a c t i o n  in d ic a te d  tyro m ajor com ponents 

v /ith  R t = 14*2 and 2 3 .0  m in. on 1 /  SB 30 a t  100° and 55^0../m in . in  

th e  r a t i o  1 :2 . Gas ch rom atograph /m ass sp e c tro m e te r  a n a ly s i s  on 1 /

SE 30 showed th e s e  to  have m o le c u la r  w e ig h ts  o f  211 and 222 r e s p e c t 

iv e ly .  The f i r s t  had th e  m o lecu la r  w e ig h t ex p ec ted  o f  th e  am ino- 

e s t e r  (28) and showed a b ase  peak  a t  m/e 138 c o rre sp o n d in g  to  th e  

l o s s  o f  th e  c a rb e th o x y l group and peaks a t  m/e 194 f o r  l o s s  o f  

ammonia and 121 f o r  lo s s  o f  ammonia from  th e  b ase  peak io n . N .m .r. 

a n a ly s i s  o f  a c ru d e  sample o f t h i s ,  i s o l a t e d  by p r e p a r a t iv e  t . l . c . ,  

showed e s te r .m e th y l  a t  8 . 7 4 t ( 3 x K ,t r ip le t ,J = 7 c p s ) ;  C-5 m ethyl a t  8 .3 1 t  

(3xH ,broadened s i n g l e t ) ;  C-2 m ethyl a t  9.21 t(3 x K ,d o u b le t,J= 6 c p s )  and 

a  v in y l  p ro to n  a t  4 .5 T (lx K ,b ro a d ) • -The i n f r a  r e d  spectrum  had

Y ^Ĉ 4 1734 cm~^ ( e s t e r )  and Y~^n4 3400 and 3440 cm The second had 
Cs^U 0 —U

m o le c u la r  w eigh t 222 and showed lo s s  o f  c a rb e th o x y l a t  m/e 149* 7m

im pure sam ple o f  t h i s  was i s o l a t e d  by  p r e p a ra t iv e  t . l . c .  and showed

Y«Ĉ 4 1729 cm  ̂ ( e s t e r )  and 1760 cm ^ . On th e  b a s i s  o f  t h i s  d a ta  and G=U

th e  absence of. n i t r o g e n ,  th e  s t r u c tu r e  (30 ) i s  suggested*

R eduction  o f  th e  am in o -ac id  (29)

A s o lu t io n  o f  th e  c ru d e  am in o -ac id  (29) ( 0 .7 g .)  i n  d ry  t e t r a -  

h y d ro fu ra n  (2 0 m l.) was added to  a s t i r r e d  su sp e n sio n  o f  l i th iu m
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alum inium  h y d rid e  ( 0 .4 g . )  in  d ry  te t r a h y d r o f u r a n  (20m l.) and th e

m ix tu re  r e f lu x e d  o v e rn ig h t .  The m ix tu re  was co o led  and th e  ex ce ss

h y d rid e  d e s tro y e d  by c a r e f u l  a d d i t io n  o f  a  s a tu r a te d  s o lu t io n  o f  .

anhydrous sodium s u lp h a te .  The r e s u l t a n t  m ix tu re  was f i l t e r e d ,

washed th o ro u g h ly  w ith  e th e r ,  d r ie ”d and th e  e th e r  removed to  g iv e

460m g.(7 5 /)  p ro d u c t .  Column chrom atography on Grade 0 alum ina

e f f e c t e d  th e  s e p a ra t io n  o f  th e  m ajor p ro d u c t which showed a v in y l

p ro to n  a t  4 . 56 'c(1xH, sub s p l i t  t r i p l e t ) ;  C-5 m ethyl a t  8.3CTC(3xH,

t r i p l e t , J = 2 c p s )  and C-2 m ethyl a s  two p a i r s  o f  dou b le ts(3 x H ) a t  9*04 T

and 9*25T i n  th e  n .m .r .  spec trum . D euterium  oxide exchange cau sed

th e  l o s s  o f  a peak  a t  7 .89T , c o rre sp o n d in g  to  th e  hyd roxy l p ro to n .

CCI —1The i n f r a  r e d  spectrum  showed 3^34 cm (h y d ro x y l) and was0—xl

tr a n s p a r e n t  in  th e  c a rb o n y l r e g io n .

T reatm ent o f  th e  a n in o -a lc o h o l (23) w ith  sodium p e r io d a te

A s o lu t io n  o f  sodium m e ta p e r io d a te  (200m g.) in  w a te r  (4ml.-) was

added to  a  s o lu t io n  o f  th e  am in o -a lc o h o l ( 23 ) (l50m g.) in  m ethanol

(1 0 m l.) and th e  m ix tu re  s t i r r e d  a t  room te m p e ra tu re  f o r  24 h o u rs .

The m ix tu re  was th e n  f lo o d e d  w ith  w a te r  and e th e r  e x t r a c te d .  The

e th e r e a l  e x t r a c t s  w ere washed w ith  b r in e ,  d r ie d  and e v a p o ra te d  to

g iv e  90m g.(7^/0 o f  a v o l a t i l e  l i q u i d ,  w hich showed one m ajor p ro d u c t

by t . l . c .  a n a ly s i s .  P r e p a ra t iv e  t . l . c .  en ab led  th e  s e p a ra t io n  o f  a

s in g le  compound w ith  Rt = 2 9 .4  min. on 7 3 ?  6 0 / l4  2 a t  75° and

CCI —150 m l./m in . T h is showed Yq_q4 1710 cm (c y c lo h ep tan o n e ) i n  th e  i n f r a
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r e d  spectrum  and gave an  orange 2 ,4 -d in itro p h e n y lh y d ra z o n e , m .p t.

1 1 6 -7 ° ( e th a n o l ) .  Found Gf ^6 , 6 ; K ,5»86; N, 17*71® 3^ .  r e l u^r e s

C ,5 ^ .6 ; H ,5 .70 ; IT,1 7 .6 0 / .  The n .m .r .  spectrum  o f th e  k e to n e  showed 

C-2 m ethy l a t  8 . 9 3 t ( 3 x T I,d o u b le t ,J = 6 c p s ) ;  C-5 m ethyl a t  8 .2 3 t ( 3 x H ,  

t r i p l e t , J = 1 ,5 c p s )  and  a  v in y l  p ro to n  a t  4 .4 5 r (1xH,s u b s p l i t  t r i p l e t ) .

2 -m eth y lcy c lo h ep tan o n e  (35)

T h is  was p re p a re d  by a  r in g  ex p an sio n  o f  cyclohexanone on

( 23)
tre a tm e n t w ith  d ia z o e th a n e  and was o b ta in e d  a s  a c l e a r  l i q u i d ,  

b . p t .  175-80° in  5 3 /  y i e l d .  G . l . c .  a n a ly s i s  on 7 /  F 6 0 /1 /  Z a t  75° 

and 5 0 m l./m in . in d ic a te d  th e  presence, o f  a s in g le  com ponent, Rt =

1 5 .7  min.

1 -brom o-4--m ethylpent-3~ene (3 )
(26^

T his was p re p a re d  from  b u ty ro la c to n e  by th e  method o f  Gamboni ' 

and was o b ta in e d  as  a v o l a t i l e  l i q u i d ,  b . p t .  160 -5°.

A ttem pted  c o n d e n sa tio n  o f  (35) and (3 )

A s o lu t io n  o f  2 -m eth y lcy c lo h ep tan o n e  (35) ( l . 2 6 g . ;  0 .01m .) in  

d ry  - te tra h y d ro fu ra n  (5 m l.) was added dropw ise to  a  s o lu t io n  o f  

n - b u ty l  l i th iu m  (4m l. o f  2 2 /  i n  hexane) in  d ry  te t r a h y d ro fu ra n  (5 m l.)  

and th e  m ix tu re  s t i r r e d  u nder n i t r o g e n  f o r  4  h o u rs  a t  -20  to  -30°C . 

The brom ide (3 ) ( l .6 3 g .J  0 ,01m .) i n  d ry  te tr a h y d ro fu ra n  (5 m l.)  v/as 

added dropw ise and th e  m ix tu re  s t i r r e d  f o r  1 hour a t  0°C and  a t  room 

te m p e ra tu re  o v e rn ig h t .  The m ix tu re  was th e n  poured  on to  ic e  and 

e x t r a c te d  w ith  e th e r .  The e th e r e a l  e x t r a c t s  were washed w ith  w a te r ,
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b r in e  and d r ie d  to  y i e l d ,  on rem oval o f  th e  so lv e n t and d i s t i l l a t i o n ,

430mg. o f m a te r ia l ,  b . p t .  122-5°/l2m m . N .m .r. a n a ly s i s  o f  t h i s

showed a hyd ro x y l p ro to n  s ig n a l  as  a  sh a rp  s in g le t  a t  7»81t , w hich

d is a p p e a re d  on d eu te riu m  o x ide  exchange, and m ethyl s ig n a l s  a t  9*11 T

(3 x H ,s in g le t)  and  9*07^(3x11,d o u b le t ,J = 6c p s ) .  The i n f r a  r e d  spectrum

showedY q^q4 1713 cm 1 and Y ^ 4  3 ^ 5  c n T 1

/ \ (34)2 -c a rb e th o x y cy c lo h ep tan o n e  (4 1 )

A m ix tu re  o f  cy c lo h ep tan o n e  (5 0 g .; 0 .4 5 ^* ) and e th a n o l (2 m l.)  

was added dropw ise w ith  s t i r r i n g  to  a m ix tu re  o f sodium h y d rid e  

(43g. o f  a 50/  d is p e r s io n  in  o i l ) ,  d ry  e th e r  (200m l.) and d ie th y l  

c a rb o n a te  ( l0 8 g . ;  0 .9 m ,) . A f te r  th e  a d d i t io n  o f  th e  f i r s t  few d rops 

o f cy c lo h ep ta n o n e , a  v ig o ro u s  r e a c t io n  began  and c o o lin g  was n e c e s s a ry . 

The a d d i t io n  o f  cy c lo h ep tan o n e  was co m ple ted , w ith  c o o l in g , i n  1^ 

h o u rs  and th e  m ix tu re  was s t i r r e d  a f u r t h e r  3 hours a t  room tem p

e r a t u r e .  The unchanged sodium h y d rid e  was c a r e f u l ly  d e s tro y e d  w ith  

g l a c i a l  a c e t i c  a c id  and th e  whole d is s o lv e d  i n  ic e  w a te r .  The 

m ix tu re  was e x t r a c te d  w ith  e th e r  and th e  e th e r e a l  e x t r a c t s  washed 

w ith  b r in e ,  d r ie d  and e v a p o ra te d . D i s t i l l a t i o n  o f th e  r e s id u e  gave 

4 8 . O g .(6 0 /)  o f p ro d u c t, b . p t .  130- 5° / 20mm., which gave a p o s i t i v e  

f e r r i c  c h lo r id e  t e s t  and was  shown by g . l . c .  a n a ly s i s  on 7/  F 6 0 /

1 /  Z a t  125° and 4 0 m l./m in . to  be a  s in g le  compound, Rt = 33*5 m in .,

f r e e  from  s t a r t i n g  c y c lo h ep ta n o n e . The i n f r a  r e d  spectrum  showed

CCI —1 “1Y n4 1711 cm (cy c lo h ep tan o n e ) and 1745 cm ' ( e s t e r )  and th e  n .m .r .' 0=:U
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spectrum  showed th e  p re sen ce  o f  th e  c a rb e th o x y l f u n c t io n ,  w ith  m ethy l

a t  8 .7 4 t ( 3 x H ,t r ip le t ,J = 7 c p s )  and m ethy lene a t  5 . 8 1 t ( 2 x 1 1 ,q u a r t e t ) .

C ondensation  o f 2 -carb e th o x y c .y c lo h ep tan o n e  (41 ) and  a c r o le in

To a  s o lu t io n  o f  sodium (lOOmg) and two c r y s t a l s  o f  hydroquinone

i n  d ry  e th a n o l (5 0 m l.), c o o le d  to  -70°C , was added dropw ise a c o o le d

m ix tu re  o f  2 -c a rb e th o x y cy c lo h ep tan o n e  (41) (l7*1g*J 0 . 095m .) and

f r e s h ly  d i s t i l l e d  a c r o l e in  ( 6 .0 g . ;  0 .1 1 8m .) and two c r y s t a l s  o f

hydroquinone ov er th e  p e r io d  o f  one h o u r . The c o o lin g  b a th  was

removed and th e  m ix tu re  s t i r r e d  a f u r t h e r  3 hours a t  room te m p e ra tu re .

G la c ia l  a c e t ic  a c id  was added to  pH 7 and th e  e th a n o l removed u n d er

red u ce d  p r e s s u r e .  The r e s id u e  was d is s o lv e d  in  e th e r ,  washed w ith

w a te r ,  sodium b ic a rb o n a te  s o lu t io n ,w a te r  and d r ie d .  On rem oval o f  th e

so lv e n t and d i s t i l l a t i o n ,  th e r e  w ere o b ta in e d  two f r a c t i o n s ,  (a )  o f

b . p t .  117-122°/0*2m m,, 13 . 2 g . (59$) and (b ) o f b . p t .  165- 175° / 0 .2mm.,

3#9g»(‘l7$)« The f i r s t  showed a s in g le  p eak , Rt = 1 8 .2  m in. on 5$

APL a t  150° and 5 0 m l./m in .,  w hich gave a n e g a tiv e  f e r r i c  c h lo r id e

t e s t .  The n .m .r .  spectrum  showed an a ldehyde  p ro to n  a t  0 .2 3 t (1xH,

f i n e l y  s p l i t  s i n g l e t ) ;  e s t e r  m ethyl a t  8 . 7 4 't(3 x H * tr ip le t ,J = 7 c p s )

and m ethy lene a t  5 .8 0 t (2xH ,q u a r t e t ) .  The i n f r a  re d  spectrum  had

Yp^n4 1716 cm ^ (k e to n e )  , 1733 cm  ̂ ( e s t e r )  and 1709 cm ^ (s h o u ld e r )  o=u
CCI —1(a ld e h y d e ) and y^  ^4 2731 cm (a ld e h y d e ) and was t r a n s p a r e n t  i n  th e  

h y d ro x y l r e g io n .  The second a ls o  gave a n e g a tiv e  f e r r i c  c h lo r id e  t e s t  

The n .m .r .  spectrum  o f  t h i s  had  s im i la r  f e a tu r e s  t o  t h a t  o f  (a )  b u t
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h ad ’ no a ldehyde p ro to n  re so n a n c e . The i n f r a  r e d  spectrum  showed a 

hyd ro x y l a b s o rp tio n  a t  3^17 cm (C C l^).

Iso p ro p y ltr ip h en y lo h o sp h o n iu n i io d id e  (4 8 )

T h is  was p re p a re d  from  a m e lt o f  tr ip h e n y lp h o s p h in e  (26 . 2 g . ) and 

is o p ro p y l io d id e  ( l 9 . 0g . )  a f t e r  th e  method o f  W ittig  and was 

o b ta in e d  i n  88/  y i e l d ,  m .p t. 1 9 7 -8 ° ( e th a n o l)  ( L i t .  1 9 5 -6 ° ( e th a n o l /  

e t h e r ) .

v r i t t ig  r e a c t io n  o f th e  a ld e h y d e -e s te r  (4 6 ) and (4 8 )

(a )  v ia  n -b u ty l  l i th iu m

To a  su sp e n sio n  o f  iso p ro p y ltr ip h e n y lp h o sp h o n iu m  io d id e  (4 8 ) 

(9 « 0 g .; 0 .022m .) in  anhydrous te t r a h y d r o f u r a n  (5 0 m l.) was added 

n -b u ty l  l i th iu m  (1ml. o f  23$  in  hexane) and  th e  m ix tu re  s t i r r e d  u n d er 

n i t r o g e n  f o r  2 h o u rs . The a ld e h y d e -e s te r  (4 6 ) ( 5 .0 g . ;  0 .02m .) in  d ry  

te t r a h y d r o f u r a n  ( 25m l .) was added d ro p w ise , w ith  s t i r r i n g ,  and th e  

m ix tu re  a llow ed  to  s t i r  o v e rn ig h t .  I t  was th e n  washed w ith  s a tu r a te d  

ammonium c h lo r id e  s o lu t io n ,  d r ie d  and th e  s o lv e n t removed to  y i e l d  

a s  th e  m ajor p ro d u c t, by t . l . c .  and  g . l . c .  a n a ly s i s ,  s t a r t i n g  

a ld e h y d e -e s te r .  

fb ) v ia  d in s y l  sodium

Sodium h y d rid e  ( 25mg. o f  a 5 0 /  su sp e n sio n  in  o i l )  was washed w ith  

d ry  e th e r  u n d er n i t r o g e n ,  th e  f l a s k  ev ac u a ted  and th e  o p e ra t io n  

r e p e a te d .  D im ethyl su lp h o x id e  (2 m l.) ,  f r e s h ly  d i s t i l l e d  from  ca lc iu m  

h y d r id e , was added and th e  m ix tu re  h e a te d  w ith  s t i r r i n g  a t  75-80°C
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u n t i l  hydrogen e v o lu t io n  was com plete  (a ro u n d  4 5 m in .) .  The f l a s k  was  

c o o le d  i n  an ic e  b a th  and th e  io d id e  (48 ) ( l . 8 g . ;  4.2m m .) i n  d ry  

d im e th y l su lp h o x ie e  (2 m l.)  added  and th e  m ix tu re  s t i r r e d  f o r  10 m in.

A s o lu t io n  o f  th e  a ld e h y d e -e s te r  (4 6 ) ( l« 0 g . ;  4*0mm.) i n  d ry  d im e th y l 

su lp h o x id e  (2 m l.) was added dropw ise and th e  m ix tu re  h e a te d  a t  50° 

f o r  1 h o u r. The m ix tu re  was th e n  s t i r r e d  o v e rn ig h t a t  room te m p e ra tu re ,  

p o u red  in to  w a te r  and e x t r a c te d  w ith  e th e r .  The e th e r e a l  e x t r a c t s  

w ere w ashed w i t h  b r in e ,  d r ie d  and e v a p o ra te d  to  g iv e  1 . 03g. o f  

m a te r ia l .  Column chrom atography  on s i l i c a  g e l en a b le d  th e  s e p a r a t io n  

o f  two com ponents. The f i r s t ,  and m ino r, showed i d e n t i c a l  g . l . c .  

r e t e n t i o n  tim e on 5$  APL a t  150° to  th e  s t a r t i n g  (4 6 ) .  The second 

was i d e n t i c a l  t o  th e  b i c y c l i c  a lc o h o l (47 ) i n  s p e c t r a l  and g . l . c .  

data*
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