
ALICYCLIC CARBOXYLIC ACIDSs 

THE DIALKYLALUNOETHYL ESTERS OF SOT® 1-METHYL-3-ALKYL- 

CYCLOHEXAHE CARBOXYLIC ACIDS

By

M andell S ta n le y  Z ie g le r

A THESIS

S u b m itted  t o  t h e  S ch o o l o f G rad u a te  S tu d ie s  o f M ich igan  
S t a t e  C o lle g e  o f  A g r ic u l tu r e  and A p p lied  S c ie n c e  

i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  re q u ire m e n ts  
f o r  t h e  d e g re e  o f

DOCTOR OF PHILOSOPHY

D epartm en t o f C h em istry

1950



ProQuest Number: 10008693

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10008693

Published by ProQuest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



ACKNOWLEDGMENT

The a u th o r  w ish es  to  e x p re ss  h is  
g r a t i t u d e  t o  Dr* R o b e r t M* H e r b s t ,  
whose g u id a n c e  was t h e  i n s p i r a t i o n  o f 
t h i s  problem *

s|«sj< a}cs|e%)t£>f: %

****
* *
*

344590



TABLE OF CONTENTS

Page

INTRODUCTION..........................................................................................................  1

DISCUSSION...............................................................................................................  7

EXPERIMENTAL..........................................................................................................  15

PREPARATION OF INTERMEDIATES........................................................  15
3 - M e th y l- 5 - a lk y l-  Z ^ - c y c lo h e x e n o n e s .......................... 15
3 -C yano-3-m ethy  1 -5 - a lk y  Ic y  c lo h e x a n o n e s ....................  IB
M ethyl 3 , 5 ,5 - r t r im e th y lc y c lo h e x a n o n e - 3 -c a rb o x y la te .  21

PREPARATION OF NEW COMPOUNDS........................................................  22.
M ethyl 1 ,3 ,3 - t r im e th y lc y c lo h e x a n e  c a r b o x y l a t e . . • « .  22
1 , 3 , 3 - tr im e th y lc y c lo h e x a n e  c a r b o x y lic  a c id * . . . . . . .  23
l -M e th y l-3 -a lk y lc y c lo h e x a n e  c a r b o x y lic  a c i d s . . . . . .  25
A cid  c h lo r id e s  o f l -m e th y l- 3 -a lk y lc y c lo h e x a n e

c a r b o x y l ic  a c i d s .................................................................. 2 7
D ia lk y  la m in o e th y l  1 -m e th y 1 -3 -a lk y  Ic y c lo h e x a n e

c a r b o x y la te  • h y d r o c h l o r i d e s . . . .......................... 29
P ip e r id y l  am ides o f  1 -m e th y 1 -3 -R -3 -R * -cy c lo h ex an e

c a r b o x y l ic  a c i d s . ..............................    32
Amides o f  l -m e th y l-3 -R -3 -R ’ -c y c lo h e x a n e  c a r b o x y lic

a c i d s ...........................     34

MISCELLANEOUS SYNTHESES....................................................................  36
B en z a lac e to p h e n o n e ....................................................................  36
c< -P h e n y l-  (3 - b e n z o y l p r o p i o n i t r i l e . ................................ 37
c< , ^ -D ip h e n y lb u ty r ic  a c i d ..............................   38

SUMMARY.........................   41

REFERENCES 42



LIST OF TABLES

TABLE PAGE

I  3 -M e th y l-5 -R - ^ -c y c lo h e x e n o n e s ....................................    17

I I  3 -C y a n o -3 -m e th y l-5 -R -c y c lo h e x a n o n e s .................................................  20

I I I  l-M e th y l-3 -R -3 -R * -c y c lo h e x a n e  c a r b o x y l ic  a c i d s .......................  26

IV A cid  c h lo r id e s  o f  l -m e th y l-S -R -S -R 1-c y c lo h e x a n e  ca rb o x y 
l i c  a c i d s ................................................................................................   • 28

V D im e th y lam in o e th y l 1-m e th y l- 3 -R -3 -R 1-c y c lo h e x a n e  c a r 
b o x y la te  * h y d r o c h lo r id e s ..........................................    30

V I D ie th y la m in o e th y l 1-m ethy 1 -3 -R -3 -R 1 -c y c lo h e x a n e  ca rb o x y 
l a t e  • h y d r o c h lo r id e s . ...............................................................   31

V II P ip e r i d y l  am ides o f 1 -m e th y 1 -3 -R -3 -R ’ -c y c lo h e x a n e  c a r 
b o x y lic  a c i d s . ........................................................................................  33

V I I I  Amides o f  l -m e th y l-3 -R -3 -R f -c y c lo h e x a n e  c a rb o x y lic  a c i d s .  35



INTRODUCTION

The s y n th e s i s  o f  some t e r t i a r y  a m in o e s te rs  o f  th e  l - m e th y l - 3 - a lk y l -  

c y c lo h e x a n e  c a r b o x y l ic  a c id s  i s  d e s c r ib e d  i n  t h i s  t h e s i s .  T hese a c id s  

a r e  r e l a t i v e l y  s im p le  compounds w h ic h , i t  i s  h o p ed , m igh t s im u la te  t h e  

c a r d ia c  a c t i o n  o f  t h e  e ry th ro p h lo e u m  a lk a l o id s  ( l ) .

The c a r d ia c  g ly c o s id e s ,  o f  w hich  d i g i t a l i s  i s  an  ex am p le , in c r e a s e  

th e  to n e  and t h e  work o u tp u t  o f  th e  h e a r t ,  w h ile  s lo w in g  t h e  h e a r t b e a t .  

P h a rm o c o lo g is ts  have  lo n g  b e l ie v e d  t h a t  th e  p re s e n c e  o f an  u n s a tu r a te d  

la c to n e  r in g  i n  a  s t e r o i d  s t r u c t u r e  was e s s e n t i a l  f o r  t h i s  ty p e  o f  c a r d ia c  

a c t i o n .  H ow ever, r e c e n t  s tu d ie s  o f  t h e  s t r u c t u r e  o f  some o f  t h e  c a r d ia c  

a lk a l o id s  i s o l a t e d  from  t h e  b a rk  o f  e ry th ro p h io e u m  g u in e e n se  have d i s 

p ro v e d  t h i s  h y p o th e s i s .  These n a t u r a l l y  o c c u r r in g  a lk a l o id s  have  b een  

shown t o  be  mono met hy lam ino  e th y l  and d im e th y la m in o e th y l e s t e r s  o f  mono- 

c a r b o x y l ic  a c id s  o f h y d ro g e n a te d  p h e n a n th re n e  d e r i v a t i v e s .  B lo u n t and 

cow orkers (2 )  have s u g g e s te d  a  s t r u c t u r e  f  o r  e iy fch ro p h le in e , one of th e  

more ab u n d an t o f th e  e ry th ro p h lo e u m  c a r d ia c  a lk a lo id s s

-h = 0

OCH,HC

CCU —CHo-CHn-NH-CH.

The p o s i t io n s  a s s ig n e d  to  t h e  m e th y l g ro u p s i n  t h i s  s t r u c t u r e  have  b e en  

q u e s t io n e d  by R u zick a  ( 3 ,  4 , 5 ) ,  b u t  no new fo r m u la t io n  has b e e n  p ro p o se d .

Many o f t h e  e ry th ro p h lo e u m  a lk a l o id s  have a d i g i t a l i s - l i k e  a c t i o n ,  

le a d in g  t o  an  in c r e a s e  i n  t h e  work c a p a c i ty  o f t h e  h e a r t .  M aling  and
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K ra y e r  (6 )  have d e m o n s tra te d  t h a t  th e  e s t e r  l in k a g e  i s  e s s e n t i a l ,  a s  th e  

f r e e  a c id  c o u ld  p ro d u ce  no c a r d ia c  a c t i o n  i n  d o se s  100 t im e s  a s  l a r g e  

a s  th e  e f f e c t i v e  d o sag e  o f e r y th r o p h le in e .  I n  c o n n e c tio n  w ith  t h i s  d i s 

c o v e ry , K ra y e r ,  F a ra h , and TJhle (7 )  have shown t h a t  b o th  m e th y lam in o - 

e th a n o l  and  d im e th y la m in o e th a n o l im prove t h e  w ork c a p a c i ty  o f t h e  f a i l i n g  

mammalian h e a r t ,

A su rv e y  o f  t h e  ch em ica l l i t e r a t u r e  has f a i l e d  to  d i s c l o s e  any s y s 

te m a t ic  i n v e s t i g a t i o n  o f  s y n th e t i c  a m in o e s te rs  s t r u c t u r a l l y  re se m b lin g  

t h e  e ry th ro p h lo e u m  a lk a lo id s *  A lth o u g h  th e  a m in o e s te rs  o f  numerous 

a l i p h a t i c ,  a ro m a t ic ,  and h e te r o c y c l i c  a c id s  have b e en  p r e p a r e d ,  th e s e  

compounds h av e  b e en  in v e s t i g a t e d  p r im a r i ly  f o r  t h e i r  l o c a l  a n a e s th e t i c  

p r o p e r t i e s  ( 8 ) .  I n  o r d e r  to  s tu d y  t h e  s t r u c t u r e  e s s e n t i a l  t o  t h e  a c t i o n  

o f  th e  c a r d ia c  a l k a l o i d s ,  t h e  p r e p a r a t io n  o f  some a lk y la m in o a lk y l  e s t e r s  

o f s im p le r  a l i c y c l i c  c a r b o x y l ic  a c id s  i s '  s u g g e s te d .  The p r e s e n t  w ork i s  

one o f th e  f i r s t  s te p s  i n  t h a t  d i r e c t i o n .

The fo llo w in g  s y n th e s e s  i l l u s t r a t e  some o f  th e  p o s s ib l e  m ethods f o r  

p re p a r in g  c y c lo h ex an e  c a r b o x y lic  a c id s s

A. Through h e a t in g  and d e c a rb o x y la t io n  o f  t h e  a lk y I c y c lo h e x a n e - 1 ,1 - 

d i c a r b o x y l ic  a c i d s ,  a lk y lc y c lo h e x a n e  c a rb o x y lic  a c id s  may be  o b ta in e d .

The in te r m e d ia te s  a r e  p re p a re d  by th e  a c t i o n  o f so d io -m a lo n ic  e s t e r  on 

a lk y l - l ,5 - d ib r o m o p e n ta n e s .  A lth o u g h  2 -m e th y lc y c lo h e x a n e  c a r b o x y l ic  a c id  

(9 )  has b een  p re p a re d  from  1 ,5 -d ib ro m o h ex a n e , t h i s  m ethod i s  s e r io u s ly  

ham pered by t h e  u n a v a i l a b i l i t y  o f t h e  n e c e s s a ry  d ib ro m id e s .

B. R e d u c tio n  o f t h e  a lk y lb e n z o ic  a c id s  has b een  a cc o m p lish e d  by 

c a t a l y t i c  and ch em ica l m eans. M e ta l l i c  sodium  i n  b o i l i n g  amyl o r  c a p r y l

- 2 -



a lc o h o l  (1 0 ) has b e en  u se d  to  re d u c e  th e  r in g  in  b e n z o ic  a c id  and i t s  

hom ologues. Low p r e s s u r e  h y d ro g e n a tio n  u s in g  AdamsT P la t in u m  C a t a ly s t  

(3 7 )  h as a l s o  b e en  used*  The a l k y l a t i o n  o f  a ro m a tic  a c id s  h as  b e e n  

d e s c r ib e d  ( 1 1 ) ,  u t i l i z i n g  h y d r o f lu o r ic  a c id  a s  t h e  c o n d e n s a tio n  c a t a l y s t .  

A lk y la t io n  g e n e r a l ly  y i e ld s  t h e  m eta  iso m e r . Low y ie ld s  and th e  p o s s i b i l 

i t y  o f i s o m e r iz a t io n  a r e  s e r io u s  l i m i t a t i o n s  o f  t h i s  m ethod .

C. T chubar an d  S ackur (1 2 )  p re p a re d  th e  1-m e th y lc y c lo h ex a n e  c a r 

b o x y l ic  a c id  by w hat th e y  te rm ed  " a  s e m i - b e n z i l i c  re a rra n g e m e n t’* o f 

1 - c h lo r o - l - a c e ty lc y c lo h e x a n e .

The u s e f u ln e s s  o f  th e  r e a c t io n  as  a  g e n e r a l  p r e p a r a t i v e  method i s  l im i t e d  

by t h e  u n a v a i l a b i l i t y  o f t h e  s t a r t i n g  m a t e r i a l s .

D. The 1 ,3 -d im e th y lc y c lo h e x a n e  c a r b o x y lic  a c id  was s y n th e s iz e d  by a 

p in a c o l  re a rra n g e m e n t o f l - m e th y l- 3 - c y c lo h e x y l is o p r o p y l  p in a c o l  and su b -

| J ; cooh 
CC

s e q u e n t o x id a t io n  ( 1 3 ) .

NaOBr CH,a c id
I ^COOH
o f
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The s t a r t i n g  m a te r i a l s  f o r  t h i s  ty p e  o f  s y n th e s i s  a r e  n o t  r e a d i l y  a v a i l 

a b l e .  F u r th e rm o re , t h e  r e p o r te d  y i e l d  was low .

E . C yclohexane a c id s  i n  w hich  th e  c a rb o x y l g ro u p  a p p e a rs  on an 

a l i p h a t i c  s id e - c h a in  a r e  p re p a re d  by th e  same m ethods t h a t  a r e  u se d  f o r  

t h e  s y n th e s i s  o f t h e  f a t t y  a c id s .  S in c e  th e  c a rb o x y l g ro u p  i n  t h e  a c id s  

d e r iv e d  from  th e  c a r d ia c  a lk a l o id s  i s  a t t a c h e d  d i r e c t l y  t o  a n  a l i c y c l i c  

r i n g ,  t h e  c y c lo h e x a n e - f a t ty  a c id s  w i l l  be d is r e g a r d e d  in  th e  p r e s e n t  

w ork .

F . The a d d i t io n  of hydrogen  c y a n id e  t o  a l k y l - s u b s t i t u t e d  c y c lo -  

hexanones p ro d u ces  cy an o h y d rin s  w hich  may be h y d ro ly z e d  and red u ced  t o  

y i e l d  a lk y lc y c lo h e x a n e  c a r b o x y lic  a c i d s .  The ey e lo h ex an o n es  may be ob

ta in e d  by th e  c a t a l y t i c  r e d u c t io n  (4 2 )  o f  th e  3 - m e th y l- 5 - a lk y l- Z ^ ? - c y c lo -  

hexenones w hich  a r e  p re p a re d  by a K noevenagel r in g  c lo s u r e  (1 4 , 1 5 ) .  The 

3-m e th y l- 5 -a lk y lc y c lo h e x a n e  c a r b o x y l ic  a c id s  w ould r e s u l t  from  t h i s  

s y n t h e s i s .

G. The s y n th e s i s  o f  1-m e th y l-3 -a lk y lc y c lo h e x a n e  c a r b o x y l ic  a c id s  i s  

a cc o m p lish e d  by th e  h y d ro ly s is  and  r e d u c t io n  o f 3 - c y a n o -3 -m e th y l-5 - a lk y l -  

c y c lo h e x a n o n e s . These k e t o n i t r i l e  in te r m e d ia te s  have  b e e n  p re p a re d  from
n

t h e  3-m et hy 1 -5 - a  Iky  1- Z ^ - e y e  1 oh ex ©none s .  I t  i s  o f i n t e r e s t  to  n o te  t h a t  

th e  3 -m e th y l-5 - is o p ro p y lc y c lo h e x e n o n e , i t s e l f ,  has d e f i n i t e  p r o p e r t i e s  

o f  c a r d ia c  s t i m u l a t i o n .  H exetone  (2 6 , 2 7 ) ,  as  t h i s  compound i s  known, 

has a  p h a rm o c o lo g ic a l a c t i o n  a lm o s t i d e n t i c a l  w ith  t h a t  o f cam phor.

The read y  a v a i l a b i l i t y  o f th e  s im p le  a ld e h y d e s  was a p r im a ry  f a c t o r  

in  th e  c h o ic e  o f method G f o r  th e  s y n th e s is  o f th e  a l k y l - s u b s t i t u t e d

- 4 -



c y c lo h e x a n e  c a r b o x y l ic  a c id s *  The h i s t o r i c a l  b ack g ro u n d  o f t h e  r e a c t io n s  

in v o lv e d  i s  sum m arized i n  th e  p a ra g ra p h s  w hich  fo llo w *

I n  1894 K noevenagel (1 4 ,  15) s y n th e s iz e d  a  num ber of 3 -m e th y l-5 -
p

a l k y l - Z ^  -c y c lo h e x e n o n e s  by c o n d e n s a tio n  o f a c e t o a c e t i c  e s t e r  w i th  some 

s im p le  a l i p h a t i c  a ld e h y d e s  i n  th e  p re s e n c e  o f d ie th y la m in e  o r  p ip e r id in e *  

R ecen t i n v e s t i g a t o r s  (1 6 , 1 7 , 1 8 , 19) have somewhat s im p l i f i e d  t h e  o r i g i 

n a l  K noevenagel te c h n iq u e *  By 1904 K noevenagel (2 0 )  and Hann and Lapw orth 

(2 1 )  had su c c e e d e d  i n  a d d in g  h y d ro g en  c y a n id e  t o  t h e  e th y le n ic  d o u b le  bond 

° f  c< , y  - u n s a tu r a t e d  a ld e h y d e s  and k e to n e s*  M ichael and W einer (2 2 ) su g 

g e s te d  t h a t  t h i s  a d d i t i o n  o c c u r re d  th ro u g h  a  1 ,4 - a d d i t i o n  o f  t h e  a l k a l i  

c y a n id e , t o  w hich  th e y  a s c r i b e  th e  is o c y a n id e  s t r u c t u r e ,  fo llo w e d  by a  

k e to  s h i f t .

K noevenagel (2 0 )  h y d ro ly z e d  3 -c y a n o -3 ,5 -d im e th y lc y c lo h e x a n o n e  t o  

t h e  3 , 5 -d im e th y lc y c lo h e x a n o n e -3 -c a rb o x y lic  a c id *  No f u r t h e r  w ork was 

a t te m p te d  w ith  t h e s e  compounds u n t i l  1948, when W hitm ore and R o b erts  (1 9 ) 

p re p a re d  a  s e r i e s  o f  m e th y l e s t e r s  of 3 -m e th y l-5 -a lk y lc y c lo h e x a n o n e -3 -  

c a r b o x y l ic  a c id s  by th e  a lc o h o ly s i s  o f  t h e  c o rre sp o n d in g  n i t r i l e s *

The co m p le te  r e d u c t io n  o f t h e  k e to  g roup  o f  X - k e to a c id s  h as  b een  

d e s c r ib e d  by num erous in v e s t ig a to r s *  I n  1912 W olff (2 3 )  red u ced  th e  

h y d razo n e  o f l e v u l i n i c  a c id  w i th  sodium  hydrox ide*  V a rio u s  m o d if ic a t io n s  

o f  t h e  W o lf f -K ish n e r  te c h n iq u e  have b e en  employed i n  th e  r e d u c t io n  o f 

o th e r  k e to a c id s *  R e c e n t ly ,  H uang-M inlon (2 4 ) p re p a re d  y  -(p -p h e n o x y p h e n y l)  

b u t y r i c  a c id  i n  95% y i e l d  by a  m o d if ie d  W o lff-K ish n e r  r e d u c t io n  o f th e  

Y -k e to a c id *  He u sed  p o ta s s iu m  h y d ro x id e  and th e  r e l a t i v e l y  in e x p e n s iv e  

85% h y d ra z in e  h y d ra te  i n  d ie th y le n e  g ly c o l  s o l u t i o n  w hich  p e r m i t te d  t h e  

a t ta in m e n t  o f a  s u f f i c i e n t l y  h ig h  te m p e ra tu re  t o  d r iv e  o f f  t h e  w a te r  and

- 5 -



c o m p le te  th e  r e d u c t io n .  Newman (2 5 )  re d u c ed  - p h e n y l-  (3  -b e n z p y l-  

p r o p io n ic  a c id  by th e  Clemmenson m eth o d , u s in g  am algam ated  z in c  and 

h y d r o c h lo r ic  a c i d .  Newman a l s o  a t te m p te d  a  s im u lta n e o u s  h y d r o ly s is  and  

r e d u c t io n  o f - p h e n y l-  ( 9 - b e n z o y lp r o p io n i t r i l e  an d  o f m e th y l -p h e n y l 

(3  -b e n z o y lp r o p io n a te .  H ow ever, t h e  y i e l d  o f  t h e  h y d ro ca rb o n  a c id  was 

lo w , c o n s id e r a b le  q u a n t i t i e s  o f  t h e  s t a r t i n g  m a te r i a l s  b e in g  o b ta in e d  in  

each  c a s e .

A s e a r c h  o f  t h e  l i t e r a t u r e  f a i l e d  to  d i s c l o s e  any s u c c e s s f u l  a t te m p t  

t o  p re p a re  a  h y d ro c a rb o n  a c id  by a  o n e - s te p  h y d r o ly s is  and r e d u c t io n  u s 

in g  th e  W o lf f -K ish n e r  m e th o d s.

6



DISCUSSION

P r e p a r a t io n  o f  t h e  1-m ethy 1 -3 -R -3 -R r -c y c lo h e x a n e  c a r b o x y l ic  a c id s  

in v o lv e d  th e  s e r i e s  o f r e a c t io n s  diagram m ed below s

R-CHO + 2 CH3-C0-CH2-C00-C2H5

CH. CH
CH

R-CH C -  CH

\ /  3
^ 2

C
/ \

CH., CH, 2 n

C C -  CH,
\  /

/  CH

/ \
Clip fH 9N 1>

R*^ \  /  ^ C H ,
CH.

0 
I!

A
CHo CH,

A
CH. CH.

I " I jcOOCH„ W o lff-K ish n e r  R | * | “.COOH
q S  C   J ______4_* _____________________________  C ' Sr e d u c t io n

R|/  \  ^  ^C H g  ”  ^  ^
CH.

C C'
Rr  \  /  CH<

Clemmenson 
r e d u c t io n

CH,

A
R 9^2 r*2I A cooch

H’ \  /  XCH
ch2 .
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The f o l lo w in g  r e a c t io n s  w ere  a l s o  c a r r i e d  o u t:

C6H 5 -  CHO + CH3 -  CO -  C 6H 5  ^ C g H g  -  CH = CH -  CO -  CgHg

COOH CN
K

CgH 5 -  CH -  CHg -  CH2 -  C 6H5 -< ------------------- CgHg -  CH -  CHg -  CO -  CgHg

The p r a c t i c a l i t y  o f each  o f th e  above s te p s  I s  e v a lu a te d  i n  t h i s  

s e c t io n #  The e x a c t  p ro c e d u re s  a r e  d e s c r ib e d  i n  th e  s e c t i o n  t i t l e d  

’’E x p e r im e n ta l” •
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The / \  -c y c lo h e x e n o n e s  ( r e a c t i o n  A) p re p a re d  i n  t h i s  r e p o r t  have 

a l l  b e e n  p r e v io u s ly  d e s c r ib e d  (1 4 , 1 5 , 1 6 , 17 , 18 , 1 9 ) .  The o r i g i n a l  

p ro c e d u re  o f  K noevenagel (1 4 )  was c lo s e ly  fo llo w e d  e x c e p t f o r  one m a jo r 

v a r i a t i o n *  W hereas th e  b is  e s t e r  was o r i g i n a l l y  s a p o n i f ie d  and d e c a r -  

boxy l a t e d  b e fo re  s tea m  d i s t i l l a t i o n  by  b o i l i n g  u n d e r  r e f lu x  w ith  con

c e n t r a t e d  aqueous a l k a l i  f o r  f o u r  h o u r s ,  i t  was fo u n d  t h a t  t h e  y i e l d  was 

n o t d im in is h e d  by b o i l i n g  f o r  o n ly  f i f t e e n  m in u tes  p r i o r  to  s te a m  d i s t i l 

l a t i o n .  The r e f l u x  p e r io d  co u ld  n o t  b e  e l im in a te d  e n t i r e l y  b e ca u se  th e  

i n i t i a l  s a p o n i f i c a t i o n  was a  h ig h ly  e x o th e rm ic  r e a c t i o n  w hich p ro ceed ed  

w ith  c o n s id e r a b le  r a p i d i t y  when s u f f i c i e n t  h e a t  had  b e en  a p p lie d *

A lth o u g h  m ost o f  th e  y i e ld s  w ere unchanged  by th e  s h o r te n e d  r e f lu x  t im e , 

a  10% in c r e a s e  was n o te d  in  t h e  y i e l d  o f  3 ,5 -d im e th y lc y c lo h e x e n o n e .

3 -C y a n o -3 ,5 ,5 - tr im e th y lc y c lo h e x a n o n e  ( r e a c t i o n  B) was s y n th e s iz e d  

by d i r e c t  a d d i t i o n  o f h y d rogen  c y a n id e  t o  iso p h o ro n e  (1 9 , 20)* Two 

a t te m p ts  t o  p re p a re  th e  same compound from  th e  sodium  b i s u l f i t e  a d d i t i o n  

p ro d u c t  w ere  u n s u c c e s s fu l*  A lm ost q u a n t i t a t i v e  re c o v e ry  o f t h e  s t a r t i n g  

m a te r i a l  was o b ta in e d .

W hitm ore and R o b erts  (1 9 )  r e p o r te d  p o o r  r e s u l t s  on th e  d i r e c t  a d d i

t i o n  o f h y d rogen  c y a n id e  t o  3 ,5 -d im e th y lc y c lo h e x e n o n e . H ow ever, th e y  

p re p a re d  t h e  3 -c y a n o -3 -m e th y l-5 -a lk y lc y c lo h e x a n o n e s  ( r e a c t i o n  C) s u c c e s s 

f u l l y  from  th e  b i s u l f i t e  a d d i t i o n  in te r m e d ia te s ,  a l th o u g h  i n  a l l  c a s e s ,  

20-30/£ o f  t h e  s t a r t i n g  m a te r i a l  was re c o v e re d . A f t e r  d i s t i l l a t i o n  o f 

th e  p r o d u c ts ,  c o n s id e r a b le  t a r i y  r e s id u e  rem a in ed .
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The h ig h  re c o v e ry  of s t a r t i n g  m a te r i a l  s u g g e s te d  t h a t  t h e  k e t o n i -  

t r i l e  decom posed (2 0 )  a c c o rd in g  t o  t h e  e q u a t io n

0 CN 0
II | n

-C -  CHg -  C H ---------------------HCN 4> -  C -  CH :  CH -  .

The re p la c e m e n t o f  t h e  s u l f o n ic  a c id  r a d i c a l  by th e  c y a n id e  g roup  "was 

o r d i n a r i l y  c a r r i e d  o u t  on a  b o i l i n g  w a te r  b a th *  I f  th e  above decom posi

t i o n  a c t u a l l y  o c c u r s ,  i t  m ig h t be  r e ta r d e d  by u s in g  a  lo w e r te m p e ra tu re *  

One e x p e r im e n t was p e rfo rm ed  i n  ■which th e  1 ,3 -d im e th y lc y c lo h e x e n o n e -  

b i s u l f i t e  a d d i t i o n  p ro d u c t was h e a te d  o n ly  t o  65° C* i n  th e  p re s e n c e  o f  

aqueous sodium  c y a n id e .  But f o u r  h o u rs  o f h e a t in g  w ere  r e q u ir e d  f o r  a  

s i z a b l e  o rg a n ic  l a y e r  t o  fo rm . D i s t i l l a t i o n  o f  t h i s  o rg a n ic  m a te r i a l  

y i e ld e d  m o s tly  1 ,3 -d im e th y Icy c lo h ex en o n e*  I n  a n o th e r  ex p e rim en t w ith  t h e  

same b i s u l f i t e  a d d i t i o n  p r o d u c t ,  60 m l. o f  ben zen e  was added t o  t h e  f l a s k  

j u s t  a f t e r  th e  a d d i t i o n  o f t h e  aqueous sodium  cy an id e*  The p u rp o se  o f 

t h e  b e n ze n e  l a y e r  was t o  d i s s o lv e  th e  k e t o n i t r i l e  a s  i t  s e p a r a te d  from  

th e  aqueous s o l u t i o n  o f  t h e  b i s u l f i t e  a d d i t i o n  p ro d u c t*  The r e a c t i o n  

was c a r r i e d  o u t on a  b o i l in g  w a te r  b a th  w ith  t h e  te m p e ra tu re  o f  th e  i n 

t e r n a l  aqueous p h ase  a t  90° C* The y i e l d  o f  3 -c y a n o -3 ,5 -d im e th y lc y c lo -  

hexanone was 60*4%, an  in c r e a s e  o f m ore th a n  12% o v e r t h e  m ethod n o t  mak

in g  u s e  o f  th e  ben zen e  l a y e r .  A p p re c ia b le  im provem ents i n  t h e  y i e l d s  o f  

t h e  e th y l  and th e  is o p ro p y l  hom ologues a l s o  w ere  a c h ie v e d  by u se  o f  t h e  

benzene l a y e r .  H ow ever, th e  n -p r o p y l  compound showed no im proved y i e l d  

and  t h e r e  was a c t u a l l y  a  d e c re a se d  y i e l d  in  t h e  c a se  o f 3 -c y a n o -3 -m e th y l-  

5 -p h e n y lc y c lo h e x a n o n e .
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The im proved  y i e l d s  may b e  t h e  r e s u l t  o f  (1 )  lo w er r e a c t i o n  tem 

p e r a t u r e ,  ( 2 )  d i l u t i o n  o f t h e  p ro d u c t ,  o r  (3 )  b o th .  That t h e  d i l u t i o n  

e f f e c t  does p la y  some p a r t  in  th e  g r e a t e r  y i e ld s  i s  d e m o n s tra te d  by th e  

a b se n c e  o f  t a r r y  r e s id u e  a f t e r  t h e  d i s t i l l a t i o n  o f  th e  k e t o n i t r i l e s  p r e 

p a re d  by u s e  o f t h e  b en zen e  l a y e r .

The 3 -c y a n o -3 -m e th y l-5 -c y c lo h e x a n o n e s  p re p a re d  in  t h e  p re s e n t  work 

h av e  a l l  b e e n  p r e v io u s ly  d e s c r ib e d  (1 9 , 2 0 ) .

Of t h e  a l i c y c l i c  a c id s  p re p a re d  in  t h i s  t h e s i s ,  t h e  1 ,3 ,3 - t r i m e t h y l -  

c y c lo h e x a n e  c a rb o sc y lic  a c id  was t h e  f i r s t  p re p a re d  b e c a u s e  o f  t h e  easy  

s y n th e s i s  o f th e  3 -c y a n o -3 ,5 ,5 - tr im e th y lc y c lo h e x a n o n e  from  is o p h o ro n e .

M ethy l 3 ,5 ,5 - t r im e th y lc y c lo h e x a n o n e - 3 - c a r b o x y la te  was p re p a re d  by 

th e  a l c o h o l y s i s  ( r e a c t i o n  D) o f  th e  k e t o n i t r i l e  by r e f lu x in g  a  m e th a n o l-  

s u l f u r i c  a c id  s o l u t i o n  o f th e  c y a n id e  f o r  s e v e r a l  h o u r s .  A y i e l d  o f  65% 

of t h e  k e t o e s t e r  was o b ta in e d . The c a rb o n y l g roup  o f t h e  k e t o e s t e r  was 

th e n  re d u c e d  ( r e a c t i o n  E ) ,  u s in g  z in c  amalgam and h y d ro c h lo r ic  a c id  a c 

c o rd in g  t o  t h e  m ethod of Clemmenson. The a v e ra g e  y i e l d  f o r  t h i s  re d u c 

t i o n  was a b o u t 37%. The a c id  p re p a re d  by h y d r o ly s is  ( r e a c t i o n  F) o f  t h e  

red u ced  e s t e r  m e lte d  a t  51 -5 2 ° C. when r e c r y s t a l l i z e d  from  50% is o p r o p y l  

a l c o h o l .  B ecause o f  t h e  low  o v e r a l l  y i e l d ,  a  more s a t i s f a c t o r y  m ethod 

of p ro d u c in g  t h e  a c i d  was s o u g h t.

A s tu d y  o f t h e  l i t e r a t u r e  p e r t a in in g  t o  t h e  W o lff -K ish n e r  r e d u c t io n  

(3 3 )  re v e a le d  s e v e r a l  in s ta n c e s  i n  w hich  y - k e to a c id s  had b e en  re d u c e d . 

The H uang-M inlon  m o d i f ic a t io n  (2 4 ) was t r i e d  b e ca u se  i t  e l im in a te d  th e  

h a n d lin g  o f  m e ta l l i c  sodium ; made u se  of th e  r e l a t i v e l y  in e x p e n s iv e  85% 

h y d ra z in e  h y d r a te ;  was a p p l i c a b le  to  l a r g e r  q u a n t i t i e s ;  and  a c h ie v e d
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h ig h  te m p e ra tu re s  w i th o u t  t h e  u se  o f p re s su re *  U sing  t h i s  m ethod f o r  

t h e  r e d u c t io n  o f  m e th y l 3 ,5 ,5 - t r im e th y lc y c lo h e x a n o n e - 3 - c a r b o x y la te  

( r e a c t i o n  G-) p ro d u ced  a  y i e l d  o f 60.3% of th e  3 ,5 ,5 - t r im e th y lc y c lo -  

hexane c a r b o x y l ic  a c i d ,  m e lt in g  a t  50 -5 1 ° C. when r e c r y s t a l l i z e d  from  

50% is o p r o p y l  a l c o h o l .  The m ixed m e lt in g  p o in ts  o f t h e  a c id s  p re p a re d  

by th e  Clemmenson and th e  W o lf f -K ish n e r  r e d u c t io n s  showed no  d e p r e s s io n .

A lth o u g h  t h e  W o lf f -K ish n e r  r e d u c t io n  o f  m e th y l 3 , 5 ,5 - t r im e th y lc y c lo -  

h e x a n o n e -3 -c a rb o x y la te  gave a  f a r  b e t t e r  y i e l d  o f t h e  a l i c y c l i c  a c id  

th a n  t h e  p ro c e d u re  u s in g  th e  Clemmenson r e d u c t io n ,  t h e  f e a s i b i l i t y  of a  

s im u lta n e o u s  h y d r o ly s i s - r e d u c t io n  o f  th e  k e t o n i t r i l e  was i n v e s t i g a t e d .  

U sin g  th e  Clemmenson m ethod o f r e d u c t io n ,  Uewman (2 5 )  had f a i l e d  t o  ob

t a i n  th e  h y d ro c a rb o n  a c i d  i n  one s t e p  from  ^  -p h e n y l-  (3 - b e n z o y lp ro p io n i-  

t r i l e .  The W o lf f -K ish n e r  r e d u c t io n  o f v a r io u s  k e t o n i t r i l e s  ( r e a c t i o n  H) 

was c a r r i e d  o u t by H. F i s c h e r  and cow orkers (3 5 , 36) u s in g  m e ta l l i c  

sod ium  and  h y d ra z in e  h y d ra te  i n  a lc o h o l  u n d e r  p r e s s u r e  a t  165-180° C ., 

b u t  t h e  s im p le  red u ced  a c id s  w ere n o t  among th e  p ro d u c ts  r e p o r te d .

However, t h e  W o lff-K ish n e r  r e d u c t io n  was v iew ed  w ith  i n t e r e s t  b e ca u se  

th e  a lk a l in e - a q u e o u s  c o n d it io n s  o f  t h e  a fo re m e n tio n e d  H uang-M inlon m odi

f i c a t i o n  sh o u ld  h y d ro ly z e  th e  n i t r i l e  p r i o r  t o  r e d u c t io n  o f  th e  c a rb o n y l 

g ro u p .

To t e s t  t h e  p ro c e d u re ,  - p h e n y l-  (3 - b e n z o y l p r o p i o n i t r i l e  was p r e 

p a re d  ( r e a c t i o n s  J  and  K) and c o n v e r te d  t o  o ( ,  y - d i p h e n y l b u t y r i c  a c id  

i n  63% y i e l d  by t h i s  one s t e p  m ethod ( r e a c t i o n  L ) . The 3 - c y a n o - 3 ,5 ,5 -  

t r im e th y lc y c lo h e x a n o n e  was s u b je c te d  t o  th e  same c o n d i t io n s ,  w hich p r o 

duced  a  69% y i e l d  o f  1 , 3 , 3 - t r im e th y lc y c lo h e x a n e  c a r b o x y lic  a c i d .  The
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d i s t i l l e d  p ro d u c t s o l i d i f i e d  and was r e c i y s t a l l i z e d  from  50% is o p r o p y l  

a l c o h o l ,  m e lt in g  a t  5 0 -5 2 °  C. The m ixed m e lt in g  p o in t  w i th  t h e  a c id  

p r e p a r e d  by  t h e  Clemmenson r e d u c t io n  showed no d e p r e s s io n .

I n  a d d i t i o n  t o  t h e  h y d ro c a rb o n  a c id ,  a  sm a ll am ount o f  a  h ig h  m e l t 

in g  b y -p r o d u c t  was o b ta in e d  i n  t h e  W o lff-K ish n e r  r e d u c t io n  o f (X ,-p h e ry l-  

(3  - b e n z o y l p r o p i o n i t r i l e .  A z in es  have f r e q u e n t ly  b e e n  o b se rv ed  a s  b y 

p ro d u c ts  o f  t h e  W o lf f -K ish n e r  r e d u c t io n  ( 3 5 ) ,  c o n s e q u e n tly , i t  was th o u g h t 

t h a t  th e  h ig h  m e l t in g  b y -p ro d u c t o b ta in e d  m ig h t be  th e  a z in e  o f  <s< - p h e n y l-  

(3 -b e n z o y lp ro p io n ic  a c i d .  However, t h e  n i t r o g e n  a n a ly s i s  o f th e  p ro d u c t 

i n d i c a t e d  t h e  p re se n c e  o f a lm o s t tw ic e  t h e  amount o f n i t r o g e n  c a lc u la te d  

f o r  th e  a z in e *  A lth o u g h  th e  compound does n o t d i s s o lv e  i n  0.1H  sodium  

h y d ro x id e , i t s  s o l u b i l i t y  in  10% aqueous a l k a l i  and su b se q u e n t re c o v e ry  

by  a c i d i f i c a t i o n  s t r o n g ly  s u g g e s ts  th e  p re se n c e  o f a  r in g  u n s ta b l e  t o  

s t r o n g  a l k a l i .  A compound p u r p o r t in g  to  be t h e  p y r id a z o n e  was d e s c r ib e d  

by A lm strom  (3 4 )  who d e s c r ib e d  i t  a s  a s u b s ta n c e  m e lt in g  a t  154-165° C. 

and c h a r a c te r i z e d  i t  o n ly  by a  c a rb o n  and h y d ro g en  a n a l y s i s .  I n  a t t e m p t 

in g  to  p r e p a r e  t h e  p y r id a z o n e , we o b ta in e d  a  p ro d u c t m e lt in g  a t  167 -169°

C. and w hich d id  n o t  a p p e a r  to  b e  i d e n t i c a l  w ith  th e  b y -p ro d u c t o f  t h e  

W o lf f -K ish n e r  r e d u c t io n .  U n f o r tu n a te ly ,  th e  i d e n t i t y  o f  t h e  b y -p ro d u c t  

rem ains u n d e te rm in e d .

The l -m e th y l- 3 -a lk y lc y c lo h e x a n e  c a r b o u y l ic  a c id s  w ere  p re p a re d  in  

s a t i s f a c t o r y  y i e l d s  (53-91% ) by th e  m o d if ie d  W o lff -K ish n e r  r e d u c t io n  o f 

t h e  k e t o n i t r i l e s . The c o rre sp o n d in g  a c id  c h lo r id e s  w ere  p r e p a re d ,  fro m

* u n c o r r e c te d .
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w h ic h , t h e  d im e th y la m in o e th y l and d ie th y la m in o e th y l  e s t e r s  w ere made.

I n  a d d i t i o n ,  th e  s im p le  am ides and p i p e r i d y l  am ides w ere  p re p a re d .

Of t h e  a l i c y c l i c  a c id s  d e s c r ib e d  i n  T ab le  I I I ,  o n ly  th e  1 , 3 - d i 

m e th y l c y c lo h ex an e  c a r b o x y lic  a c id  had p r e v io u s ly  a p p e a re d  i n  th e  l i t e r a 

t u r e  ( 1 3 ) .  I n  1938 Godchot and  C au q u il r e p o r te d  th e  p r e p a r a t io n  o f  t h i s  

a c id  and  i t s  a m id e , l i s t i n g  t h e  m e lt in g  p o in ts  as 90° C* and 73° C .,  

r e s p e c t i v e l y .  I n  t h e  p r e s e n t  w ork th e  m e lt in g  p o in ts  o f  th e  c o rre sp o n d in g  

compounds w ere fo u n d  to  be 9 1 -9 2 °  C. and 73° C .,*  r e s p e c t i v e l y .  A lth o u g h  

th e  m e lt in g  p o in t s  o f  t h e  a c id  and  i t s  am ide a g re ed  w ith  th o s e  p r e v io u s ly
O ))(

r e p o r te d  ( 1 3 ) ,  t h e  a c id  c h lo r id e  was found  t o  d i s t i l l  a t  B5-86 C. a t  

16 mm. a s  com pared w ith  th e  p r e v io u s ly  r e p o r te d  b o i l i n g  p o in t  of 98° C. a t  

14 mm. A lth o u g h  th e  p o s s ib le  e x is te n c e  o f  g e o m etric  and o p t i c a l  iso m ers  

i n  t h i s  g ro u p  o f compounds i s  re c o g n iz e d , t h i s  does n o t  a p p e a r  t o  e x p la in  

t h e  d is c re p a n c y  i n  t h e  o b se rv ed  b o i l i n g  p o in t  of th e  a c id  c h lo r id e ,  s in c e  

t h e  a c id  and  th e  am ide a p p e a re d  t o  b e  i d e n t i c a l  w ith  th e  p ro d u c ts  o b ta in 

ed by Godchot and C a u q u il .

* u n c o r r e c te d .
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1 .  PREPARATION OF INTERMEDIATES

o
5 -M e th y 1 -5 -a lk y 1 -  / \  -c y c lo h ex e n o n e s

0 0
II II

R-CHO A
C-H-OOC-CH& O I CH

+ R-CH C-CH R-CH C-CH

2 CH„-C0-CHo-C00CoH_ 3 2 2 5 COOCgHg

T hese c y c l i c  , ($  - u n s a tu r a te d  k e to n e s  w ere s y n th e s iz e d  by th e

K n oevenagel r e a c t i o n  (1 4 , 1 5 ) .  The p r e p a r a t io n  o f  3 ,5 -d im e th y lc y c lo 

hexenone i l l u s t r a t e s  th e  g e n e r a l  p ro c e d u re . I n  a  3 l i t e r  ro u n d -b o tto m  

f l a s k ,  eq u ip p ed  w i th  d ro p p in g  f u n n e l ,  s t i r r e r ,  and th e rm o m e te r , was 

p la c e d  132 g . (3  m o le s ) o f  a c e ta ld e h y d e , f r e s h l y  p re p a re d  by d e p o ly m e ri

z a t i o n  of p a ra ld e h y d e , and 780 g . (6  m o les) o f  re a g e n t  g rad e  e th y l  a c e to -  

a c e t a t e .  The f l a s k  was co o led  to  -5 °  C. by means o f  a  s a l t - i c e  b a th .  

D uring  t h e  n e x t f i v e  h o u rs , 15 m l. of d ie th y la m in e  was added i n  sm a ll  

p o r t i o n s .  The m ix tu re  was th e n  r e f r i g e r a t e d  f o r  24 h o u rs  and a llo w e d  to  

s ta n d  a t  room te m p e ra tu re  f o r  a n o th e r  24 h o u rs . By t h i s  t im e ,  t h e  c ru d e  

b i s  e s t e r  had fo rm ed  la r g e  y e l lo w  c r y s t a l s  on th e  b o tto m  o f  t h e  f l a s k .

The r e a c t io n  m ix tu re  c o n ta in in g  th e  c ru d e  b is  e s t e r  was h e a te d  w ith  

600 g . o f sodium  h y d ro x id e  d is s o lv e d  in  4 l i t e r s  o f  w a te r .  S a p o n i f i c a t io n  

and  d e c a r b o x y la t io n  was a cco m p lish ed  by b o i l i n g  th e  m ix tu re  u n d e r  r e f lu x  

f o r  f i f t e e n  m in u te s  and th e n  s u b je c t in g  i t  to  s team  d i s t i l l a t i o n  u n t i l  

s ev e n  l i t e r s  o f d i s t i l l a t e  was c o l l e c t e d .  The d i s t i l l a t e  was s a t u r a t e d
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w ith  sodium  c h l o r i d e ,  th e  o rg a n ic  l a y e r  was s e p a r a te d ,  and t h e  aqueous 

l a y e r  was e x t r a c t e d  w ith  two 500 m l. p o r t io n s  o f  b e n z e n e . The com bined 

o r g a n ic  l a y e r  and  b en zen e  e x t r a c t s  w ere  d r ie d  o v e r anhydrous sod ium  s u l 

f a t e  and  d i s t i l l e d  u n d e r  d im in ish e d  p r e s s u r e .

B ecause o f i t s  low  v a p o r  p r e s s u r e ,  t h e  s te a m  d i s t i l l a t i o n  o f 3 -m e th y l-  

5 -p h e n y lc y c lo h e x e n o n e  was n o t  p r a c t i c a l .  The c ru d e  b is  e s t e r  o f  t h i s  

compound was r e f lu x e d  w ith  t h e  aqueous a l k a l i  f o r  f o u r  h o u r s .  The r e a c t io n  

m ix tu re  was c o o le d  and e x t r a c t e d  w ith  two 500 m l. p o r t io n s  of b e n z e n e .

A f t e r  rem oval o f  th e  b en zen e  by d i s t i l l a t i o n ,  t h e  k e to n e  was d i s t i l l e d  

u n d e r  d im in ish e d  p r e s s u r e .  The cy c lo h ex en o n es  a r e  d e s c r ib e d  in  T ab le  I .  

U n le s s  o th e rw is e  n o te d , a l l  m e lt in g  p o in t s  and b o i l i n g  p o in ts  r e p r e s e n t  

c o r r e c t e d  v a lu e s .
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TABLE Jl

5-M e th y l- 5 -R - -c y c lo h e x e n o n e s

C

/
R-CH C-CH„

/  3
CH„

R Y ie ld B o il in g  p o in t Mm. p r e s s u r e

M ethyl 5 0 . 8% 212-217° C. 849

E th y l 4 0 .0 122-125° C. 19

^ - P r o p y l 3 1 .0 117-121° C. 11

Is o p r o p y l 4 3 .7 111-113° C. 9

P h en y l 4 5 .6 159-166° C. 2

* A l l
a r e

ta b u la te d  m e lt in g  p o in ts  and b o i l i n g  p o in ts  
c o r r e c t e d ,  u n le s s  o th e rw is e  n o te d .
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3 -C y a n o -3 -m e th y 1 -5 -a lk y Ic y c lo h e x a n o n e s

S?,c

"C C '
R* \  /  CH,

CH2

W ith  t h e  e x c e p tio n  of th e  n i t  r i l e  from  is o p h o ro n e , t h e  c y c l i c  k e to -  

n i t r i l e s  w ere  s y n th e s iz e d  by t h e  a d d i t i o n  o f  sodinm  b i s u l f i t e  t o  t h e  

u n s a tu r a te d  k e to n e  (1 9 , 2 0 ) ,  fo llo w e d  by re p la c e m e n t o f  th e  s u l f o n a t e  

g ro u p  by a  c y a n id e  g ro u p . The u n s a tu r a te d  k e to n e  (0 .2 5  m o le) was r e 

f lu x e d  w i th  a  s o l u t i o n  o f  3 1 .5  g . (0 .1 6 6  m ole) o f sodium  m e t a s u l f i t e  i n  

75 m l. of w a te r .  The o rg a n ic  l a y e r  d is s o lv e d  w i th in  20 to  30 m in u te s .

A warm s o l u t i o n  o f  1 5 .2  g . (0 .3 1  m ole) o f sodium  c y a n id e  in  35 m l. o f 

w a te r  was th e n  added and th e  m ix tu re  was h e a te d  on a  b o i l i n g  w a te r  b a th  

f o r  one h o u r .  The k e t o n i t r i l e  form ed an  o i ly  l a y e r  on to p  o f t h e  aqueous 

p h a se . T h is  l a y e r  was s e p a r a te d  and  th e  aqueous l a y e r  was e x t r a c te d  w i th  

two 50 m l. p o r t io n s  o f  b e n z e n e . The o rg a n ic  m a te r i a l  and  t h e  b en zen e  ex

t r a c t s  w ere  com bined and d r ie d  ewer anhydrous sod ium  s u l f a t e .  A f te r  

rem oval o f  t h e  b en zen e  by d i s t i l l a t i o n ,  th e  r e s id u e  was d i s t i l l e d  u n d e r  

d im in is h e d  p r e s s u r e .

I n  s e p a r a t e  a t te m p ts  t o  in c r e a s e  y i e l d s ,  a 50 m l. b enzene  l a y e r  was 

em ployed t o  ta k e  up t h e  k e t o n i t r i l e  a s  i t  s e p a r a te d  from  th e  aqueous 

l a y e r .  Some y i e l d s  w ere  a p p r e c ia b ly  im proved by t h i s  s l i g h t  d e p a r tu r e .  

The k e t o n i t r i l e s  a r e  d e s c r ib e d  i n  T ab le  I I .
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3 -C y a n o -3 ,5 ,5 - tr im e th y lc y c lo h e x a n o n e  was p re p a re d  by th e  f o l lo w in g  

p ro c e d u re  (1 7 , 1 8 ) :

138 g . (1*0  m o le) o f f r e s h l y  d i s t i l l e d  iso p h o ro n e  was d is s o lv e d  

i n  3 l i t e r s  o f  m ethano l*  Then, 50 m l. o f  w a te r  an d  60 g . o f 

g l a c i a l  a c e t i c  a c id  w ere  a d d ed . A s o l u t i o n  of 98 g . ( 2 . 0  m o les) 

o f sodium  c y a n id e  i n  375 m l. o f w a te r  was added d u r in g  f i f t e e n  

m in u te s  w h ile  t h e  m ix tu re  was s t i r r e d  v ig o r o u s ly .  The te m p e ra 

t u r e  ro s e  to  35° C. S t i r r i n g  was c o n tin u e d  f o r  s i x  h o u r s .  The 

m ix tu r e  was th e n  a llo w ed  t o  s ta n d  u n s t i r r e d  f o r  48 h o u rs .  Us

in g  d im in is h e d  p r e s s u r e ,  m ost of th e  m ethano l was removed on a  

w a te r  b a th  a t  65° C. The r e s id u e  was d i l u t e d  w ith  500 m l. o f 

b e n z e n e , f i l t e r e d ,  and  s e p a r a te d .  The ben zen e  e x t r a c t  was d r i e d  

o v e r  anh y d ro u s sodium  s u l f a t e .  The k e t o n i t r i l e  was o b ta in e d  by 

d i s t i l l a t i o n  a s  p r e v io u s ly  d e s c r ib e d .
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TABLE I I

3 -C y an o -3 -:m e th y l-5 -R -cy c lo h ex an o n es

0

/ \
CH CH

R\l I3cnc o f/
CH„

‘CH

R R' Y ie ld * B o ilin g  p o in t Mm. p r e s s u r e

M ethy l M ethyl 45#2/£ 156-159° C. 19

M ethy l H 4 8 .0  (6 0 .4 ) 156-159° C. 14

E th y l H 4 3 .9  (5 4 .4 ) 166-169° C. 18

n -P ro p y l H 5 0 .3  (4 8 .5 ) 136-144° C. 3

I s o p r o p y l H 3 2 .0  (6 4 .5 ) 144-145° C. 3

P h en y l H 4 9 .4  ( 3 0 .0 ) 185-186° C. 1 - 2

* V a lu es  i n  p a re n th e s e s  r e p r e s e n t  y i e l d s  o b ta in e d  th ro u g h  
t h e  u se  o f a  50 m l. l a y e r  o f  b en zen e  to  d i s s o lv e  th e  
k e t o n i t r i l e  s e p a r a t in g  from  th e  aqueous b i s u l f i t e  com plex.
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Met hy1 3 ,5  , 5- t  r  jm e t hy 1 cy c l  oh exanone-5  - ca rb  oxy l a t  e

cn 2  ch; CH
I ^COOCHg

The a lc o h o ly s i s  (1 9 ) o f th e  3 -c y a n o -3 ,5 ,5 - tr im e th y lc y c lo h e x a n o n e  

was a c c o m p lish e d  by  d i s s o lv i n g  1 6 .5  g . ( 0 .1  m ole) o f t h e  k e t o n i t r i l e  in  

25 m l. o f 95% m e th a n o l, and ad d in g  t h e  s o l u t i o n  d u r in g  30 m in u te s  t o  

20 g . o f i c e - c o ld  95% s u l f u r i c  a c i d .  The m ix tu re  was b o i le d  u n d e r  r e 

f lu x  f o r  s e v e n  h o u r s .  The f l a s k  c o n te n ts  w ere  th e n  p o u red  in to  a  b e a k e r  

c o n ta in in g  100 g . o f an  ic e - w a te r  m ix tu r e .  The o rg a n ic  l a y e r  was ta k e n  

up in  50 m l. o f benzene and th e  aqueous l a y e r  was e x t r a c te d  w i th  two 50 

m l. p o r t io n s  o f b e n z e n e . The combined b en zen e  e x t r a c t s  w ere  w ashed w ith  

1 0 % p o ta s s iu m  c a rb o n a te  s o l u t i o n  and d r i e d  o v e r anhydrous sodium  s u l f a t e .  

The b e n ze n e  was removed by d i s t i l l a t i o n  and  th e  p ro d u c t was d i s t i l l e d  

u n d e r  d im in is h e d  p r e s s u r e .  F o u r te e n  gram s (70.5%  y i e l d )  o f  a  c l e a r  

y e l lo w is h  o i l  was o b ta in e d ,  b o ilin g  a t 134-137°C. a t  12 mm.
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2 .  PREPARATION OF NEW COMPOUNDS

M ethyl 1 , 3 , 5 - t r lm e th y Ic y c lo h e x a n e  c a r b o x y la te

CH
/  \  /  ^

CH CH CH CH
GHs'>-C | / C00CH3  _  C H g ^ l 2  i;C 00C H 3

CH ^  \  /  X CH CH f  \  /  X CH
CH_ CH

2 2

The r e d u c t io n  of t h e  m e th y l 3 ,5 ,5 - t r im e th y lc y c lo h e x a n o n e  c a r b o x y la te  

t o  t h e  e s t e r  o f t h e  h y d ro c a rb o n  a c id  was a cco m p lish ed  by t h e  Cleramenson 

m ethod ( 2 8 ,  2 9 ) ,  A s o l u t i o n  o f 1 2 .5  g . (0 .0 6 3  m ole) o f t h e  k e t o e s t e r  in  

75 m l. o f 95% m e th an o l was added i n  p o r t io n s  o v e r a  p e r io d  o f  t h r e e  ho u rs  

t o  a  r e f lu x in g  m ix tu re  o f 30 m l. o f w a te r ,  10 m l. o f m e th a n o l, 50 m l. o f  

c o n c e n tr a te d  h y d r o c h lo r ic  a c i d ,  and t h e  am algam ated z in c  made from  50 g . 

o f  g r a n u la te d  z in c  and 3 g . o f m e rc u r ic  c h lo r id e .  A f t e r  th e  a d d i t i o n  was 

c o m p le te d , t h e  m ix tu re  was r e f lu x e d  an a d d i t i o n a l  e ig h t  h o u rs ,  d u r in g  

w h ich  t im e  a n o th e r  40 m l. o f  c o n c e n tr a te d  h y d ro c h lo r ic  a c id  was added  in  

p o r t i o n s .  A f t e r  c o o l in g ,  t h e  l i q u i d  was d e c a n te d  fro m  t h e  z in c ,  d i l u t e d  

w ith  a n  eq u a l volum e of w a te r ,  and e x t r a c te d  w ith  tw o 50 m l. p o r t io n s  o f 

e t h e r .  The z in c  r e s id u e  was p u lv e r iz e d  and  e x t r a c te d  w ith  50 m l. e t h e r .  

The com bined e t h e r  e x t r a c t s  w ere  w ashed w ith  p o ta s s iu m  c a ih o n a te  s o lu 

t i o n  and  d r i e d  o v e r  anhydrous sodium  s u l f a t e .  The e th e r  was removed by 

e v a p o r a t io n  on a  s te a m  b a th .  The r e s id u e  was d i s t i l l e d  u n d e r  d im in ish e d  

p r e s s u r e  and t h e  f r a c t i o n  b o i l i n g  a t  103-108° C. a t  24 mm. was c o l l e c t e d .  

F o u r  grams (25% y i e l d )  o f  a c o lo r l e s s  l i q u i d  w i th  a  c a m p h o r- lik e  o d o r 

was ob t a i  n ed •
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1 , 3 , 5 - t r im e th y  Ic y c lo h e x a n o  c a r b o x y l ic  a o id

/  \
CH CH

CHS | 2 I J c O O H
^ C  c '

C H g^ \  /  CH
CH 3

2

T his  a c id  was p re p a re d  by t h e  fo l lo w in g  t h r e e  p ro c e d u re s :

A* S a p o n i f i c a t i o n  o f m eth y l 1 ,3 ,3 - t r im e th y lc y c lo h e x a n e  c a r b o x y la te  

Ten grams o f  t h e  e s t e r  was b o i l e d  u n d e r  r e f lu x  w ith  a  s o l u t i o n  o f 2 0  g* 

o f p o ta s s iu m  h y d ro x id e  i n  25 ml* of w ater*  A f te r  two h o u r s ,  t h e  m ix tu re  

was c o o le d  and th e n  a c i d i f i e d  by t h e  a d d i t i o n  o f 50 ml* o f  c o n c e n tr a te d  

h y d r o c h lo r ic  a c id *  The o i l  w hich  s e p a ra te d  was ta k e n  up i n  50 ml* b e n ze n e  

and  d r i e d  o v e r  anhydrous sodium  s u l f a t e .  The benzene was d i s t i l l e d  o f f  

and  th e  r e s id u e  was d i s t i l l e d  u n d e r  d im in ish e d  p re s su re *  The f r a c t i o n  

b o i l i n g  a t  144-147° C. a t  11 mm* was c o l le c te d *  T his f r a c t i o n  soon  

s o l i d i f i e d ,  m e lt in g  a t  50° C. R e c r y s t a l l i z a t i o n  from  is o p ro p y l  a l c o h o l -  

w a te r  m ix tu r e  gave 8  g* ( 8  6.4%) o f  w h ite  p l a t e l e t s ,  m e l t in g  5 1 -5 2 °  C*

B* W o lf f -K ish n e r  r e d u c t io n  o f  t h e  y  - k e t o e s t e r : -  S ix te e n  grams o f  

m e th y l 1 , 3 , 3 - tr im e th y Ic y c lo h e x a n e  c a r b o x y la te ,  15 g* o f sodium  h y d ro x id e , 

and  15 m l. of p r a c t i c a l  g rad e  85% h y d ra z in e  h y d ra te  w ere p la c e d  in  a  one 

l i t e r  ro u n d -b o tto m  f l a s k  c o n ta in in g  150 ml* o f  d ie th y le n e  g ly c o l .  The 

f l a s k  was eq u ip p ed  w ith  an  e f f i c i e n t  r e f lu x  c o n d e n se r . The m ix tu re  was 

b o i l e d  u n d e r  r e f lu x  f o r  one h o u r ,  u s in g  a  san d  b a th .  The c o n d e n se r  was 

th e n  rem oved . A f te r  two h o u rs , t h e  te m p e ra tu re  ro s e  t o  195° C ., a t

u n c o r r e c te d .
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■which t im e  t h e  c o n d e n se r  was re p la c e d *  R e f lu x in g  was c o n tin u e d  f o r  t h r e e  

h o u rs*  The m ix tu re  was th e n  c o o le d ,  a c i d i f i e d  by th e  a d d i t i o n  o f  100 ml* 

o f  6 N h y d r o c h lo r ic  a c i d ,  and e x t r a c te d  w ith  two 50 ml* p o r t io n s  o f b e n 

zene* The b e n ze n e  e x t r a c t s  w ere  d r ie d  o v e r  anhydrous sodium  s u l f a t e *  A f t e r  

d i s t i l l a t i o n  o f  t h e  b e n z e n e , t h e  r e s id u e  was d i s t i l l e d  u n d e r  d im in is h e d  

p re s s u re *  A f r a c t i o n  b o i l i n g  144-146° C* a t  12 mm. was c o l le c te d *  The 

e n t i r e  f r a c t i o n  s o l i d i f i e d  on s ta n d in g ,  fo rm in g  c o lo r l e s s  n e e d le s  m e lt in g
_ j(s

a t  3 8 -4 0 °  C* The p ro d u c t m s  s o lu b le  in  d i l u t e  sodium  h y d ro x id e  and was 

r e p r e c i p i t a t e d  by d i l u t e  h y d r o c h lo r ic  a c i d .  R e c r y s t a l l i z a t i o n  from  an  

is o p r o p y l  a l c o h o l - w a te r  m ix tu re  gave 8*5 g* (60.3% ) o f  w h ite  p l a t e l e t s  

m e l t in g  5 0 -5 1 °  C**

C. W o lf f -K ish n e r  r e d u c t io n  of t h e  y  - k e t o n i t r i l e s -  T his m ethod 

was s i m i l a r  to  m ethod B and  i s  d e s c r ib e d  i n  g r e a t e r  d e t a i l  on t h e  fo l lo w 

in g  page* S e v e r a l  ru n s  w ere  m ade, a  r e p r e s e n ta t i v e  y i e l d  b e in g  a b o u t 70%. 

The p ro d u c t  was a  w h ite  s o l id *  When r e  c r y s t a l l i z e d  from  a n  is o p ro p y l

*a lc o h o l - w a te r  m ix tu r e ,  w h ite  p l a t e l e t s  w ere  o b ta in e d ,  m e lt in g  50-52  C*

M ixed m e lt in g  p o in ts  w ere d e te rm in e d  on th e  p ro d u c ts  of m ethods A,

B, and C. I n  no c a s e  was t h e r e  a  d e p r e s s io n  o f t h e  m e lt in g  p o in t .

u n c o r r e c te d



1-M e th y l-5 -a lk y Ic y c lo h e x a n e  c a r b o x y l!c  a c id s

CH
/  \  /  t

CH CH CH CH
E\ l  I I CN ________________ R \ |  2  I JcOOH

yR  <  X  C ^
R’ \  /  CH„ R< \  /  CH

CH 3  NC£  32 2

To a  s o l u t i o n  of 40 g* o f p o ta s s iu m  h y d ro x id e  and 30 ml* of 85% 

h y d ra z in e  h y d ra te  ( p r a c t i c a l )  i n  300 ml* of d ie th y le n e  g ly c o l  "was added  

0 .2  m ole  o f t h e  y  - k e t o n i t r i l e .  The m ix tu re  was b o i le d  u n d e r  r e f lu x  

f o r  one  h o u r ,  u s in g  a n  e f f i c i e n t  b u lb  c o n d e n s e r . The c o n d en se r was th e n  

rem oved and  t h e  w a te r  i n  t h e  m ix tu re  was d i s t i l l e d  o f f  u n d e r  th e  hood 

u n t i l  t h e  i n t e r n a l  te m p e ra tu re  re a ch e d  195° C. The b u lb  c o n d en se r was 

th e n  r e p la c e d ,  a f t e r  w hich  r e f lu x in g  was c o n tin u e d  f o r  f o u r  h o u rs .  The 

c o o le d  s o l u t i o n  was p o u red  s lo w ly  on to  a  m ix tu re  o f 400 g . of i c e  and  

100 m l. o f c o n c e n tr a te d  h y d ro c h lo r ic  a c id .  I f  th e  a c id  was a  s o l i d ,  

i t  was f i l t e r e d  and  r e c r y s t a l l i z e d  from  a n  a c e to n e -w a te r  m ix tu re  o r  an  

i s o p r o p y l  a lc o h o l - w a te r  m ix tu r e .  L iq u id  p ro d u c ts  w ere  e x t r a c te d  w i th  

e t h e r ,  d r i e d  o v e r anhydrous sodium  s u l f a t e ,  and d i s t i l l e d  u n d e r d im in 

is h e d  p r e s s u r e .  Some of th e  l i q u i d  a c id s  e v e n tu a l ly  c r y s t a l l i z e d  a f t e r  

p ro lo n g e d  r e f r i g e r a t i o n .  The a c id s  a r e  d e s c r ib e d  i n  T ab le  I I I .

- 2 5 -
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A cid  c h lo r id e s  o f  l - m e th y l- 5 - a lk y lc y c lo h e x a n e  c a r b o x y l ic  a c id s

/ \  / \
ce9 ch 0  cho ch

R\i l̂ C00H ______________R%J 1>ocl>  c >
R' \  /  CH R’ \  /  CH

CH2  6 CH2  *

I n  a  50 ml* C la is e n  f l a s k ,  w hich s e rv e d  as  t h e  r e a c t io n  v e s s e l ,

■was p la c e d  0*05 mole of t h e  c y c l i c  a c id *  By means o f a  d ro p p in g  f u n n e l ,  

1 8 .0  g , (0 .1 5  m ole) o f t h io n y l  c h lo r id e  ■was added d u rin g  f i f t e e n  m inu tes*  

D u rin g  t h e  a d d i t i o n ,  t h e  r e a c t io n  f l a s k  was k e p t  a t  room te m p e ra tu re  by 

im m ersion  i n  a  c o o l w a te r  b a th .  The w a te r  b a th  was th e n  b ro u g h t t o  b o i l 

in g ,  t h e  r e a c t i o n  b e in g  th u s  h e a te d  f o r  two hours*  A f te r  rem oval o f 

e x c e ss  t h io n y l  c h lo r id e  t h e  a c id  c h lo r id e  was d i s t i l l e d  d i r e c t l y  from  t h e  

r e a c t i o n  f l a s k ,  u s in g  d im in ish e d  p r e s s u r e  and a f r e e  f la m e . T ab le  IV 

c o n ta in s  t h e  d e s c r ip t i o n s  o f t h e  a c id  c h lo r id e s .

•27-



TABLE IV

A cid  c h lo r id e s  o f  l-m e th y l-S -R -S -R * -c y c lo h e x a n e

c a r b o a y l ic  a c id s

CH.

CH CH
| 2 l^coci

J f i  c 
E 1' \  /  X CH

CHZ 3

R R1 Y ie ld
%

B o ilin g
°C.

p t .
Mm.

C h lo r in e  *
% C a lc d . % Found

M ethyl M ethyl 9 0 ,5 94-97 15 18 .8 1 8 .6 ,  18 .5

M ethyl H 6 6 . 6 87-88 16 2 0 .3 1 9 .9 ,  2 0 .1

E th y l H B8.9 100-103 14 1 8 .8 1 8 .9 , 1 8 .5

n -P ro p y l H 9 2 .9 111-113 15 1 7 .5 1 7 .2 , 1 7 .3

I s o p ro p y l H 9 0 .4 1 1 0 - 1 1 1 13 1 7 .5 1 7 .1 , 1 7 .3

P h en y l H 9 1 .6 155-156 5 1 5 .0 1 4 .8 , 1 5 .0

C h lo r in e  was d e te rm in e d  by th e  V o lh a rd  m ethod (3 9 ) .

-2  8-



D ia lk y la m in o e th y l  l -m e th y l- 3 -a lk y lc y c lo h e x a n e  
c a r b o x y la te  . h y d ro c h lo r id e s

R I 2  I -C00-CH9-CH -UR • HC1w u £
R' \  /  'N th, 

CHg

To 0 .2 0  m ole o f  t h e  d ia lk y la m in o e th a n o l  i n  a  50 m l. g la s s - s to p p e r e d  

E rlen m ey e r f l a s k ,  0 .0 5  m ole o f t h e  c y c l i c  a c id  c h lo r id e  was added  d ro p -  

w is e .  The s to p p e r  was w ire d  on and th e  m ix tu re  was sh ak en  v ig o r o u s ly  

f o r  f i v e  m in u te s .  W ith  i n t e r m i t t e n t  s h a k in g , t h e  f l a s k  was th e n  a llo w ed  

t o  s ta n d  f o r  tw o h o u r s .  The c o n te n ts  o f t h e  f l a s k  w ere  poured  i n t o  a  

s e p a r a to r y  fu n n e l  c o n ta in in g  25 m l. o f s a tu r a t e d  sodium  c a rb o n a te  s o lu 

t i o n .  The f r e e  a m in o e s te r  w hich  s e p a r a te d  was d i l u t e d  w ith  25 m l. o f 

e t h e r  an d  th e n  w ashed f r e e  of th e  w a te r - s o lu b le  a m in o a lco h o l w i th  t h r e e  

25 m l. p o r t io n s  o f w a te r . The e th e r  s o l u t i o n  o f t h e  a m in o e s te r  was d r ie d  

o v e r  a sm a ll am ount o f  anhydrous sodium  s u l f a t e  f o r  tw e lv e  h o u rs . The 

d ry  a m in o e s te r  s o l u t i o n  was th e n  d e c a n te d  in to  a  tw e lv e  in c h  t e s t  tu b e .

An e t h e r e a l  s o l u t i o n  o f  h y d rogen  c h lo r id e  was added d ro p w ise , w i th  c o o l

in g ,  u n t i l  th e  s u p e r n a ta n t  f l u i d  in  t h e  t e s t  tu b e  was d i s t i n c t l y  a c id  to  

Congo re d  p a p e r .  A la r g e  e x ce ss  o f  h y d rogen  c h lo r id e  was a v o id e d . The 

w h ite  p r e c i p i t a t e  was f i l t e r e d  q u ic k ly  th ro u g h  a B uchner f u n n e l ,  w ashed 

w ith  d ry  e t h e r ,  an d  d r ie d  I n  a  vacuum d e s i c c a t o r .  The f i l t r a t e  was t e s t e d  

f o r  co m p le te  p r e c i p i t a t i o n  by a d d in g  a few  d rops o f e th e r e a l  hy d ro g en  

c h l o r i d e .  The e s t e r - h y d r o c h lo r id e s  w ere  r e c r y s t a l l i z e d  from  an h ydrous 

e th y l  a c e t a t e .  P h y s ic a l  c o n s ta n t s  and  a n a l y t i c a l  d a ta  f o r  th e  d im e th y l-  

a m in o e th y l e s t e r s  a r e  g iv e n  i n  T ab le  V. T able VI re c o rd s  s i m i l a r  d e s 

c r i p t i o n s  o f  t h e  d ie th y la m in o e th y l  e s t e r s .

-2 9 -



TABLE V

D im efehylam inoethyl l - in e th y l-S -R -S -R 1 -c y c lo h e x a n e  

c a r b o x y la te  • h y d ro c h lo r id e s

A
CH? CH

R ^ l  |^COO-CH2 -CH2 -H(CH3 ) 2  • HCl
X  C

R' \  /  ^C H  
CHrt ^

R R*
3;

M e ltin g  p o in t  
°C.

n i t r o g e n  *
%. C a lc d . % Found

M ethyl M ethyl 159 5 .1 5 .0 ,  5 .0

M ethyl H 150-151 5 .3 5 .4 ,  5 .4

E th y l H 109-111 5 .1 5 .0 ,  5 .0

n -P ro p y l H 109-110 4 .8 4 .9 ,  4 .8

I s o p r o p y l H 147 4 .8 4 . 8 , 4 .8

P h en y l H 136 4 .3 4 .3 ,  4 .3

* H itro g e n  m s  d e te rm in e d  by m acro -K je ld a h l  a n a ly s i s  ( 4 0 ) .

-3 0 -



TABLE VI

P i e th y l  am ino e th y l  l-m eth y l-S -R -S -R *  -c y c lo h e x a n e

c a r b o x y la te  » h y d ro c h lo r id e s  

yCHn
/  H

CH CH
R. I | 3C00-CH 2 -CH2 -H(C2 H5 ) 2  * HCl

R* \  /  X CH 

N ® 2

R R* M e ltin g  p o in t  
°C.

**N itro g e n  
% Calcd* % Found

M ethy l M ethyl 1 2 0 - 1 2 1 4 .6 4 .7 ,  4 .6

M ethy l H 128-130

CO• 5 .0 ,  4 .6

E th y l H 114-117 4 .6 4 .7 ,  4 .7
j|c

n -P ro p y l H 112-116 4 .4 4 .7 ,  4 .7

I s o p r o p y l H 130-133 4 .4 4 .6 ,  4 .2

P h en y l H 116-119 4 .0 4 .2 ,  4 .0

* M e ltin g  p o in t  was d e te rm in e d  on 
v e ry  h y g ro sco p ic*

** N itro g e n  was d e te rm in e d  by macro

c ru d e  p ro d u c t w hich was 

- E je ld a h l  a n a ly s i s  ( 4 0 ) .

-3 1 -



P ip e r i d y l  am ides o f 1-m e th y l- 3 -R-3-R* -c y c lo h e x a n e

c a r b o x y l ic  a c id s

A
CH 

/  ^
R

CH CH CH CH
I 2  l / C 0C 1 +  > _ R \ I  | ^ c o - h ( c h 2 ) 5

H'/ C \  /  ^C H  R-/ C \  / \ ( H 3

ch 2  a ch  ^

T hese  s u b s t i t u t e d  am ides w ere  p re p a re d  b y  th e  S chotten-B auraann  

te c h n iq u e  ( 3 0 ) .  E q u im o la r am ounts o f t h e  a c id  c h lo r id e s  and p ip e r id in e  

w e re  sh a k e n  t o g e th e r  v ig o r o u s ly  f o r  t e n  m in u tes  in  t h e  p re s e n c e  of a  

s l i g h t  e x c e s s  o f 10^ p o ta ss iu m  hydro x id e*  A g la s s - s to p p e r e d  E r le n -  

m eyer f l a s k  was c o n v e n ie n t f o r  t h i s  p r e p a r a t io n .  W ith in  two h o u rs  an

o i l y  l a y e r  Had fo rm ed . T h is  was d i l u t e d  w ith  a n  e q u a l volum e of b e n -
\

z e n e , s e p a r a te d ,  d r i e d ,  and d i s t i l l e d  u n d e r  d im in ish e d  p r e s s u r e .  Only 

t h e  p h en y l hom ologue was a  s o l i d ,  t h e  re m a in d e r b e in g  y e l lo w is h ,  v i s 

cous l i q u i d s .  R e c r y s t a l l i z a t i o n  o f t h e  p h en y l compound from  is o p ro p y l  

a lc o h o l  y ie ld e d  t a n  c r y s t a l s  m e lt in g  a t  5 5 -5 6 °  C. The p ip e r id y l  am ides 

a r e  d e s c r ib e d  i n  T ab le  V I I .

-3 2 -



TABLE V II

P ip e r i d y l  am ides of 1 -m e th y l- 3 -R -3 -R 1 -c y c lo h e x a n e  

c a r b o x y l ic  a c id s

CH
/  ^

CH CH
H | 2  | JCO-H(CH )

\ c  C ^  2 5
R* \  /  CH

CH2

R RT B o il in g  p o in t  
°C. Mm.

if. if.
n i t r o g e n  

% C a lcd . % Found

M ethyl M ethyl 128-131 2
r

5 .7 5 .7 ,  5 .6

M ethyl H 128-131 2 6 . 0 6 .2 ,  6 .3

E th y l H 135-138 2 5 .7 5 .9 ,  5 .8

_n-P ropy l H 141-145 2 5 .4 5 .4 ,  5 .5

I s o p r o p y l H /  143-147 2 5 .4 5 .6 ,  5 .5

P h en y l H * 5 .0 4 .5 ,  4 .6

* M .p. 5 5 -5 6 °  C.
** H i t ro g e n  was d e te rm in e d  by macro 

m e t a l l i c  m ercu ry  c a t a l y s t  ( 4 1 ) .
-F J e ld a h l  a n a ly s i s  u s in g

-3 3 -



Amides o f  l-m e th y l-S -R -S -R *  -c y c lo h e x a n e  c a r b o x y l ic  a c id :

A ACH OH CH CH
I M C O C I  + HH O H  I I IcO-NH-

CC CC
R* ̂  \  /  x  CH- r 1 \  /  N : h

ch 2  ch 2  3

One gram  o f  th e  a c i d  c h lo r id e  was added to  20 ml* o f c o n c e n tr a te d  

ammonium h y d ro x id e  c o n ta in e d  in  a  50 m l. g la s s - s to p p e r e d  E rlen m ey er 

f l a s k .  The s to p p e r  was w ire d  on an d  t h e  f l a s k  was shaken  v ig o ro u s ly  

f o r  f i v e  m in u te s .  The m ix tu re  was a llo w ed  t o  s ta n d  fo r  48 h o u rs  w ith  

o c c a s io n a l  s h a k in g . W ith  th e  e x c e p tio n  o f  th e  e th y l  hom ologue, t h e  

s im p le  am ides w ere  w h ite  c r y s t a l l i n e  s o l i d s .  S in c e  t h e  s im p le  am ide 

o f  th e  e th y l  compound was an  o i l ,  t h e  a n i l i d e  was p re p a re d  by  s u b s t i 

t u t i n g  1 0  m l. o f f r e s h ly  d i s t i l l e d  a n i l i n e  f o r  t h e  ammonium h y d ro x id e  

in  t h e  ab o v e  p ro c e d u re . The l-m e th y l- 3 -e th y lc y c lo h e x a n e  c a rb o x y l a n i 

l i d e  m e lte d  a t  8 0 -8 1 °  C. The am ides a r e  d e s c r ib e d  in  T ab le  V I I I .

-3 4 -



TABLE V II I

Amides o f l -m e th y l-S -R -S -R 1-c y c lo h e x a n e  c a r b o x y l ic  a c id s

R

R*

/ s

| | lco -m
c cc
\  / x'

CH3

*CHr

R R1 M e ltin g  p o in t  
°C .

N itro g e n  
% C a lc d . % Found

M ethyl M ethyl 9 1 .5 -9 2 .5 8 .3 8 , 2 , 8 . 2

M ethyl H 74-75 9 .0 8 . 8 , 9 .0

E th y l* H 80-81 5 .7 5 .7 ,  5 .7

H -P ro p y l H 136-137 7 .7 7 .7 ,  7 .5

I s o p r o p y l H 8 2 .5 -8 3 .5 7 .7 7 .7 ,  7 .7

P h en y l H 131-133 6 .5 6 .5 , 6 .4

* A n i l id e .
** N itro g e n  was d e te rm in e d  by m a c ro -K je ld a h l a n a ly s i s  ( 4 0 ) .

-3 5 -



3 . MISCELLANEOUS SYNTHESES

B en za lace to p h en o n e

0

II
CgHg -  CH = CH -  C -  CgHg

A s o l u t i o n  o f  109 g . (2 .7 5  m o les) o f  sodium  h y d ro x id e  i n  980 m l. 

o f w a te r  and 630 m l. o f  95% e th a n o l (3 1 ) was in tro d u c e d  in to  a  5 l i t e r  

ro u n d -b o tto m  f l a s k  f i t t e d  w ith  a  m e ch a n ic a l s t i r r e r *  The f l a s k  was 

c o o le d  e x t e r n a l l y  by i c e .  W ith  s t i r r i n g ,  260 g . (2 .1 5  m o les) o f  p u re  

a c e to p h e n o n e  was p o u red  in to  th e  f la s k *  Then, 230 g* (2 .1 5  m o les) o f 

USP b e n z a ld e h y d e  was added a t  o n c e . The te m p e ra tu re  was k e p t n e a r  

15° C. f o r  tw o h o u r s .  The m ilk y  l i q u i d  was r e f r i g e r a t e d  f o r  tw e lv e  

h o u r s ,  by w h ich  t im e , l a r g e  y e l lo w  c r y s t a l s  had fo rm ed . The p r e c i p i 

t a t e  was f i l t e r e d  th ro u g h  a  l a r g e  B uchner fu n n e l  and  w ashed w ith  t h r e e  

100 m l. p o r t io n s  o f  w a te r  and  once  w ith  100 ml* o f  50% e th a n o l*  A f te r  

a i r - d r y i n g ,  th e  y i e l d  o f l i g h t - y e l l o w  b e n z a la c e to p h e n o n e  was 403 g . 

(9 2 $  y i e l d ) .  M.P. 5 1 -5 4 °  C.*

jfc
u n c o r r e c t e d .
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<g< -P h e n y l-  (3 - b e n z o y lp r o p io n i t r i  1 e

CN

C6H5 -  ^  -  CH2  -  C -  C6 H5

T his k e t o n i t r i l e  (2 0 ,  2 1 , 32) was p re p a re d  a c c o rd in g  to  t h e  same 

p ro c e d u re  t h a t  -was u se d  f o r  t h e  s y n th e s i s  o f 3 - c y a n o - 3 ,5 ,5 - t r im e th y l -  

cy c lo h ex an o n e*  (S ee  page  1 9 .)  The fo l lo w in g  q u a n t i t i e s  w ere  used*

208 g . ( 1 * 0  m ole) b e n z a la c e to p h e n o n e  ( c r u d e ) ,

3 .5  1 . 95% e th a n o l ,

60 g . ( 1 . 0  m ole) g l a c i a l  a c e t i c  a c i d ,  and 

98 g . ( 2 .0  m o les) sodium  c y a n id e .

1B7 g . (79*6% y i e l d )  o f a  w h ite  c r y s t a l l i n e  p ro d u c t was o b ta in e d , t h e
o ^u n r e c r y s t a l l i z  ed p ro d u c t m e lt in g  a t  124-125 C.

* u n c o rre c te d *
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<K > y  - D ip h e n y lb u ty r ic  a c id

C H -C0-CH„-CH-CNo o & CgHg-CHg-CHg-CH-COOH

T his a c id  was p re p a re d  by a  m o d if ie d  W o lff -K ish n e r  r e d u c t io n  o f 

t h e  k e t o n i t r i l e #  I n to  a 1 l i t e r  f l a s k  w ere  in tr o d u c e d  31 g . (0 .1 3  

m o le) o f © (- p h e n y l - ( 3 - b e n z o y l p r o p i o n i t r i l e ,  22 m l. o f  85% h y d ra z in e  

h y d r a t e ,  26 g . o f  p o ta s s iu m  h y d ro x id e , and 2 0 0  m l. o f d ie th y le n e  g ly c o l .  

A f t e r  b o i l i n g  u n d e r r e f lu x  f o r  one h o u r , th e  c o n d en se r was removed and 

n o t  r e p la c e d  u n t i l  t h e  r e a c t i o n  te m p e r a tu r e  had re a ch e d  195° C. The 

r e a c t i o n  m ix tu r e  was r e f lu x e d  f o r  f o u r  h o u rs  a t  t h i s  te m p e r a tu r e .

A f te r  c o o l in g  t o  room te m p e ra tu re  th e  f l a s k  c o n te n ts  w ere  poured  

o n to  a  m ix tu re  o f 75 m l. of c o n c e n tr a te d  h y d ro c h lo r ic  a c id  and 150 g* 

o f  i c e .  The s o f t  am orphous p r e c i p i t a t e  was d is s o lv e d  in  e th e r  and  

d r i e d  o v e r  an h y d ro u s sod ium  s u l f a t e .  The e th e r  s o l u t i o n  was d e c a n te d  

from  th e  d ry in g  a g e n t and th e  e t h e r  was rem oved by  e v a p o ra tio n  on a 

s te a m  b a th .  The re m a in in g  l i q u i d  was d i s t i l l e d  u n d e r  d im in ish e d  p r e s 

s u r e ,  g iv in g  20 g . (63%) o f  O i,  - d ip h e n y lb n ty r ic  a c id  b o i l i n g  

196 -203° C. a t  1 mm. Upon c o o l in g ,  a  w h ite  s o l i d  was o b ta in e d ,  m e l t 

in g  a t  73° C .* A m ixed m e lt in g  p o in t  was d e te rm in e d  w ith  a sam p le  o f
sfc *

th e  a c id  o b ta in e d  from  Newman ( 2 5 ) .

U n c o r re c te d .
** We a r e  in d e b te d  to  Dr. M elvin  S . Newman f o r  a  sam ple o f 

^  * 2f  “ d ip h e n y lb u ty r ic  a c i d .
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T h e re  was no d e p r e s s io n  o f  t h e  m e l t in g  p o in t .

C a lc d . f o r  C, 80*3; H, 6 . 6 .

Pounds C, 80 . 6 5  H, 6 . 6 .

The a c id  c h lo r id e  was p re p a re d  by  th e  m ethod p r e v io u s ly  d e s c r ib e d .  

From 20 g . o f  t h e  a c id  and  20 m l. o f  t h io n y l  c h l o r i d e ,  17*4 g . (81.3/£) 

o f  a  c l e a r  y e l lo w  l i q u i d  was o b ta in e d ,  b o i l i n g  a t  154-155° C. a t  1 mm.

C a lc d . f o r  C16H15C10s C1> 13 - 7 -

"Pound j C l ,  1 3 .4 ,  1 3 .5 .

The am ide  was p re p a re d  from  t h e  a c id  c h l o r i d e .  “VSIhite n e e d le s  w ere  

o b ta in e d  upon r e c r y s t a l l i z a t i o n  from  m e th a n o l, m e l t in g  s h a r p ly  a t  96° C.

C a lc d . f o r  C^gH^yUOs N, 5 .9 .

Found: N, 5 .8 ,  5 .8 .

D uring  one s y n th e s i s  o f  c<\ $ - d ip h e n y lb u ty r ic  a c i d ,  a p p ro x im a te ly

tw o grams of a  c r y s t a l l i n e  b y -p ro d u c t  d e p o s i te d  upon th e  d ry in g  a g e n t

d u r in g  d ry in g  o f  t h e  e t h e r  e x t r a c t  o f  t h e  r e d u c t io n  m ix tu r e .  T his sub 

s t a n c e  was r e c r y s t a l l i z e d  from  a c e to n e ,  g iv in g  1 .5  g . o f  volum inous 

w h i te  c r y s t a l s  m e lt in g  a t  185-187 C. The m a te r i a l  was in s o lu b le  in  

O.l^T a l k a l i  b u t  was d is s o lv e d  by  IO7S p o ta ss iu m  h y d ro x id e , b e in g  r e p r e 

c i p i t a t e d  by t h e  a d d i t i o n  o f  h y d ro c h lo r ic  a c i d .

Found: C, 7 6 .0 ; H, 5 .5 ;  IT, 1 1 .5 .

The s y n th e s is  o f 4 , 6 -d ip h e n y l-4 ,5 -d ih y d ro p y r id a z o n e  was a t te m p te d  

by h e a t in g  2  g . o f c< -p h e n y l-  (3  - b e n z o y lp r o p io n i t r i l e  u n d e r  r e f lu x  f o r

£ u n c o r r e c t  ed .
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two h o u rs  w i th  2 0  m l. o f 25% p o ta s s iu m  h y d ro x id e  and  2  m l. o f 85% h y d ra 

z in e  h y d r a te .  A f t e r  r e c r y s t a l l i z a t i o n  from  50% is o p r o p y l  a l c o h o l ,  t h e
* ^

p ro d u c t  m e lte d  a t  167-169 C. and  was found  to  b e  i d e n t i c a l  w ith  th e

compound r e p o r te d  by  A lm strom  ( 3 4 ) .

C a lc d . f o r  C^gH^NgOs N, 1 1 .2 .

F ound: N, 1 1 .0 ,  1 1 .1 .

However, a  d e te r m in a t io n  o f t h e  m e lt in g  p o in t  o f  a  m ix tu re  o f  th e  

p y r id a z o n e  and t h e  compound i n  q u e s t io n  showed a  c o n s id e ra b le  d e p r e s s io n ,  

i n d i c a t i n g  t h a t  t h e  two compounds a r e  n o t  th e  same*

The b y -p ro d u c t  rem ains u n i d e n t i f i e d .

jjl
u n c o r r e c te d
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SUMMARY

1* S ix  l-m e th y l-S -R -S -R 1-c y c lo h e x a n e  c a rb o x y lic  a c id s  w ere  p re p a re d  

and d e s c r ib e d .  W ith  th e  e x c e p tio n  o f  th e  1 ,3 -d im e th y lc y c lo h e x a n e  

c a r b o x y l ic  a c i d ,  th e s e  a c id s  a r e  new com pounds.

2 .  The a c id  c h lo r id e s  o f th e  ab o v e  a c id s  w ere  p re p a re d ,  fro m  w hich  

w ere  made t h e  d im et hylam ino e th y l  and d i e t h y l  amino e th y l  e s t e r s  o f 

t h e  ab o v e  c y c lo h ex an e  c a r b o x y l ic  a c i d s .  The e s t e r s  w ere  c h a r a c te r 

iz e d  i n  t h e  fo rm  o f  t h e i r  h y d ro c h lo r id e  s a l t s .  S im ple am ides and 

p ip e r i d y l  am ides o f th e  s ix  a c id s  w ere a l s o  p re p a re d .

3 . Some im provem ents i n  t h e  p ro c e d u re s  f o r  t h e  p r e p a r a t io n  o f 3 -m e th y l-  

5—a l k y l -  / \  ^ -c y c ln h a x an o n e s  and 3 -c y a n o -3 -m e th y l-5 -a lk y lc y c lo h s x a -  

nones a r e  r e p o r te d .

4 .  A new a d a p ta t io n  of th e  W o lff-K ish n e r  r e d u c t io n  i s  d e s c r ib e d ,  

w hereby  X - k e t o n i t r i l e s  may be  s im u lta n e o u s ly  h y d ro ly z e d  and r e 

duced to  t h e  h y d ro c a rb o n  a c id  i n  h ig h  y i e l d .
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