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3)  Process  for  the  isolation  of  1,4,7,10,13.16-hexaoxacydooctadecane. 

Process  for  isolating  1,4,7,10,13,16-  hexaoxacyclooc- 
tadecane  (A)  in  high  yield  from  a  mixture  also  containing 
other  macrocyclic  polyethers,  by  reacting  A  with  nit- 
romethane  in  the  presence  of  a  solvent  for  these  macrocyclic 
polyethers,  to  precipitate  a  complex  of  A  and  nitromethane, 
separating  the  complex  from  the  reaction  mixture  and  dis- 
sociating  the  separated  complex  into  A  and  nitromethane. 



The  i nven t ion   r e l a t e s   to  a  process   for  the  i s o l a t i o n  

of  1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a c y c l o o c t a d e c a n e   from  a  m i x t u r e  

also  c o n t a i n i n g   one  or  more  other   macrocyc l ic   p o l y e t h e r s .  

H e r e i n a f t e r   1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a c y c l o o c t a d e c a n e   w i l l  

also  be  r e f e r r e d   to  by  i t s   t r i v i a l   name  "18-crown-6" .   I t s  

s t r u c t u r a l   formula  is  shown  on  the  Formula  page  (compound  9 ) .  

18-Crown-6  can  be  prepared  by  h e a t i n g   t e t r a e t h y l e n e  

glycol   and  b i s ( 2 - c h l o r o e t h y l )   e ther   in  the  presence   of  t e t r a -  

hydro fu ran   as  a  so lven t   and  po tass ium  hydrox ide ,   see  " S y n t h e s i s "  

1976,  515-516.  The  r e a c t i o n   mixture  thus  formed  c o n t a i n s  

18-crown-6,   potass ium  c h l o r i d e ,   water  and  b y - p r o d u c t s ,   i . a .  

mac rocyc l i c   p o l y e t h e r s   having  a  r ing  of  l a rge r   size  t h a n  

18-crown-6.   The  so lven t   was  evapora ted   from  the  r e a c t i o n  

mixture   to  give  a  brown  s l u r r y   to  which  d i ch lo romethane   was 

added.  The  potass ium  c h l o r i d e   was  f i l t e r e d   off  from  the  s o l u -  

t ion  thus  ob ta ined ,   the  f i l t r a t e   was  dr ied  (MgS04),  the  s o l v e n t  

was  evapora ted   from  the  dr ied  f i l t r a t e   to  y i e ld   a  r e s idue   o f  

crude  18-crown-6.   This  r e s idue   was  d i s t i l l e d   to  give  a  d i s -  

co loured   d i s t i l l a t e   c o n t a i n i n g   18-crown-6.   This  d i s t i l l a t e  

was  d i s s o l v e d   in  a c e t o n i t r i l e   and  the  s o l u t i o n   was  cooled  t o  

-45°C.  The  r e s u l t a n t   p r e c i p i t a t e   of  1 8 - c r o w n - 6 - a c e t o n i t r i l e  

complex  was  c o l l e c t e d   by  f i l t r a t i o n .   D i s t i l l a t i o n   of  t h i s  

complex  gave  a  d i s t i l l a t e   of  pure  18 -c rown-6 .  

A  d i s a d v a n t a g e   of  th i s   procedure   is  that   the  18-crown-6  

is  d i s t i l l e d   twice  and  that   expensive   measures  must  be  t a k e n  



to  prevent   the  occur rence   of  powerful  and  d e s t r u c t i v e  

exp los ions   during  these  d i s t i l l a t i o n s ,   see  "Chemical  & 

Eng inee r ing   News",  September  6,  1976,  page  5  and  December  13, 

1976,  page  5.  Moreover  the  18-crown-6  is  ob ta ined   in  a  f a i r l y  

low  y i e l d .  

The  App l i can t s   have  found  a  process   for  the  i s o l a t i o n   o f  

18-crewn-6  in  which  the  18-crown-6  is  ob ta ined   in  high  y i e l d  
and  need  not  be  d i s t i l l e d ,   thus  avoiding  the  e x p l o s i o n s  

mentioned  h e r e i n b e f o r e .  

Accordingly   the  i n v e n t i o n   provides   a  process   for  t h e  

i s o l a t i o n   of  1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a c y c l o o c t a d e c a n e   from  a 

mixture   also  c o n t a i n i n g   one  or  more  other   mac rocyc l i c   p o l y -  

e t h e r s ,   c h a r a c t e r i z e d   by  r e a c t i n g   the  1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a -  

c y c l o o c t a d e c a n e   with  n i t r ome thane   in  the  presence  of  a  s o l v e n t  

for  the  said  macrocyc l i c   p o l y e t h e r s ,   to  p r e c i p i t a t e   a  complex 

of  1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a c y c l o o c t a d e c a n e   and  n i t r o m e t h a n e ,  

s e p a r a t i n g   p r e c i p i t a t e d   complex  from  the  mixture   c o n t a i n i n g  

the  complex,  d i s s o c i a t i n g   s e p a r a t e d   complex  and  s e p a r a t i n g   t h e  

components  from  each  o t h e r .  

S u r p r i s i n g l y ,   n i t r o m e t h a n e   is  s e l e c t i v e   in  t ha t ,   when 

con t ac t ed   with  a  mixture   c o n t a i n i n g   18-crown-6  and  one  o r  

more  o ther   macrocyc l i c   p o l y e t h e r s ,   it  only  forms  a  complex 

with  18-crown-6.   Hence,  the  1 8 - c r o w n - 6 - n i t r o m e t h a n e   complex 

ob ta ined   accord ing   to  the  i nven t ion   does  not  or  ha rd ly   c o n t a i n  

mac rocyc l i c   p o l y e t h e r s   other   than  1 8 - c r o w n - 6 .  

As  the  1 8 - c r o w n - 6 - n i t r o m e t h a n e   complex  gives  off  n i t r o -  

methane  vapour  the  complex  can  simply  be  d i s s o c i a t e d   i n t o  

18-crown-6  and  n i t r ome thane   by  a l lowing  it   to  stand  in  the  open 

a i r .   The  complex  is  r a p i d l y   d i s s o c i a t e d   by  h e a t i n g   it  at  s u b -  

a tmospher ic   p r e s s u r e   and  removing  the  n i t r ome thane   vapour  formed,  

l eav ing   pure  or  almost  pure  18-crown-6.   Heating  may  take  p l a c e  

at  a  t empera tu re   of,  for  example,  35 C  to  125 C  at  a  p r e s s u r e  

of,  for  example,  5  to  1500  P a .  

The  process   accord ing   to  the  i nven t ion   must  be  c a r r i e d  

out  ia  a  so lven t   for  mac rocyc l i c   p o l y e t h e r c   in  which  t h e  



18-c rown-6 -n i t r ome thane   complex  can  be  p r e c i p i t a t e d .   Such  a 
so lvent   may  s u b s t a n t i a l l y   c o n s i s t   of  n i t r o m e t h a n e .  A   s o l v e n t  

is  taken  to  c o n s i s t   s u b s t a n t i a l l y   of  a  s p e c i f i e d   compound 

when  the  content   of  th is   s p e c i f i e d   compound  in  the  so lvent   i s  

h igher   than  50  %w. 

According  to  a  f ea tu re   of  the  i nven t ion   the  so lvent   s u b -  

s t a n t i a l l y   c o n s i s t s   of  an  e the r .   P r e f e r r e d   e thers   are  d i a l k y l  

e thers   and  cyc l i c   e t h e r s .   Examples  of  d i a l k y l   e thers   a r e  

d i e t h y l   e the r ,   d i - n - b u t y l   e ther   and  d i - n - h e x y l e t h e r .   The 

18 -c rown-6 -n i t r ome thane   complex  is  c o n s i d e r a b l y   less  s o l u b l e  

in  d i e t h y l   e ther   than  in  n i t romethane   at  the  same  t e m p e r a t u r e ,  

so  that   a  c o n s i d e r a b l y   l a rge r   part   of  the  18-crown-6  p r e s e n t  
in  the  s t a r t i n g   mixture  can  be  i s o l a t e d .   A t t r a c t i v e   examples  

of  the  cyc l i c   e thers   are  1 ,4 -d ioxane   and  t e t r a h y d r o f u r a n .  

According  to  another   f ea tu re   of  the  i nven t ion   the  s o l v e n t  

s u b s t a n t i a l l y   c o n s i s t s   of  an  a lkano l ,   a  hydrocarbon  (or  a 

mixture   of  hydrocarbons)   or  water .   Examples  of  s u i t a b l e   a l k a n o l s  

are  those  having  in  the  range  of  from  one  to  five  carbon  a toms ,  

for  example  me thano l ,  e t hano l ,   2-propanol   and  t e r t - b u t a n o l .  

Examples  of  s u i t a b l e   hydrocarbons   are  benzene,  t o luene ,   the  t h r e e  

xylenes  and  hep tane .   P a r t i c u l a r l y   a t t r a c t i v e   so lven t s   a r e  

methanol  and  benzene.   18-crown-6,   d i s so lved   in  water  may  be  

removed  the re f rom  by  r e a c t i o n   with  n i t romethane   to  form  a 

p r e c i p i t a t e   of  the  18 -c rown-6 -n i t rome thane   complex  in  n i t r o -  

m e t h a n e - c o n t a i n i n g   water .   Mixtures  of  so lven t s   may  be  u s e d ,  

for  example  of  d i e t h y l   e ther   and  e t h a n o l .  

The  1 8 - c r o w n - 6 - a c e t o n i t r i l e   complex  is  very  d i f f i c u l t  

to  p r e c i p i t a t e   from  the  so lven t s   mentioned  in  the  l a s t   t h r e e  

p a r a g r a p h s ,   if  at  a l l ,   as  th is   complex  is  too  h ighly   s o l u b l e  

in  these  s o l v e n t s .  

The  r e a c t i o n   between  18-crown-6  and  n i t rome thane   i s  

p r e f e r a b l y   c a r r i e d   out  at  a  t empera tu re   in  the  range  of  from 

-25°C  to  +35°C,  and,  when  the  so lven t   s u b s t a n t i a l l y   c o n s i s t s  

of  n i t r o m e t h a n e ,   of  from  0°C  to  -25°C,  so  as  to  enable  a  

very  large  part   of  the  18-crown-6  to  be  i s o l a t e d .   Where  t h e  



so lven t   s u b s t a n t i a l l y   c o n s i s t s   of  an  e t h e r ,   an  a l k a n o l ,   a 

hydrocarbon  (or  a  mixture   of  hydroca rbons )   or  water ,   t h e  

r e a c t i o n   between  18-crown-6  and  n i t r o m e t h a n e   is  very  s u i t a b l y  

c a r r i e d   out  at  a  t empera tu re   in  the  range  of  from  0°C  to  +35°C. 

Ambient  t e m p e r a t u r e ,   for  example,  a  t empera tu re   between  15°C 

and  25°C,  is  very  s u i t a b l e .  

The  1 8 - c r o w n - 6 - n i t r o m e t h a n e   complex  can  e a s i l y   be  s e p a r a t e d  

from  the  mixture   c o n t a i n i n g   the  complex,  for  e x a m p l e  b y  

f i l t r a t i o n ,   c e n t r i f u g a t i o n   or  d e c a n t a t i o n .  

The  1 8 - c r o w n - 6 - n i t r o m e t h a n e   complex  con ta ins   two  m o l e c u l e s  

of  n i t r o m e t h a n e   per  molecule  of  18-crown-6.   Accord ing ly ,   t h e  

18-crown-6  is  r eac t ed   with  n i t r ome thane   using  a  molar  r a t i o   o f  

n i t r ome thane   to  18-crown-6  of  at  l e a s t   2:1.  P r e f e r a b l y ,   t h i s  

molar  r a t i o   is  not  h igher   than  20:1.  This  range  is  not  c r i t i c a l ,  

molar  r a t i o s   of  n i t r ome thane   to  18-crown-6  ou t s ide   th is   r a n g e  

may  be  used,  if  d e s i r e d .  

The  1 8 - c r o w n - 6 - n i t r o m e t h a n e   complex  may  be  p r e c i p i t a t e d  

in  any  s u i t a b l e   manner,  for  example  by  adding  n i t r o m e t h a n e  

to  the  s t a r t i n g   mixture   and,  if  d e s i r e d ,   cool ing   the  m i x t u r e  

thus  ob ta ined   to  a  s u i t a b l e   t e m p e r a t u r e ,   or  by  d i s s o l v i n g  

the  s t a r t i n g   mixture   in  d i e t h y l   e ther   and  adding  n i t r o -  

methane  at  ambient  t empera tu re   to  the  s o l u t i o n   o b t a i n e d ,   o r  

by  d i s s o l v i n g   the  s t a r t i n g   mixture   in  any  o ther   of  t h e  

above-ment ioned   s o l v e n t s ,   for  example  methanol ,   adding  n i t r o -  

methane  and,  if  d e s i r e d ,   cool ing   the  mixture   ob ta ined   to  a  

s u i t a b l e   t e m p e r a t u r e .   The  s t a r t i n g   mixture   may  be  so l id   o r  

l i q u i d   at  the  t empera tu re   at  which  the  18-crown-6  is  r e a c t e d  

with  n i t r o m e t h a n e .  

The  18-crown-6  in  the  s t a r t i n g   mixture   may  have  been  formed 

by  any  p r o c e s s .   Very  good  r e s u l t s   have  been  ob ta ined   by 

r e a c t i n g   t e t r a e t h y l e n e   g lycol   with  a  b i s ( 2 - h a l o e t h y l ) e t h e r ,  

halo  r e p r e s e n t i n g   ch lo ro ,   bromo  or  iodo,  in  the  presence   of  an  

a l k a l i   metal  hydrox ide .   If  d e s i r e d ,   the  a l k a l i   metal  h a l i d e  

formed  and  s o l v e n t ,   if  p r e s e n t ,   may  be  removed  from  the  r e a c t i o n  

mixture   o b t a i n e d ,   l eav ing   the  1 8 - e r o w n - 6 - c o n t a i n i n g   s t a r t i n g  



mixtu re .   Other  examples  of  p rocesses   for  the  p r e p a r a t i o n   o f  

18-crown-6  a r e :  
(1)  E l i m i n a t i o n   of  hydrogen  c h l o r i d e   from  1 7 - c h l o r o -  

3 , 6 , 9 , 1 2 , 1 5 - p e n t a o x a h e p t a d e c a n o l ,   followed  by  r i n g  

c l o s u r e ,   in  the  presence  of  potass ium  t e r t - b u t o x i d e ,  

see  B r i t i s h   pa tent   s p e c i f i c a t i o n   1 , 2 8 5 , 3 6 7 .  
(2)  C a t a l y t i c   o l i g o m e r i z a t i o n   of  e thy lene   oxide,   s e e  

German  O f f e n l e g u n g s s c h r i f t   2 , 4 0 1 , 1 2 6 .  
(3)  React ion  of  t r i e t h y l e n e   glycol  with  3 , 6 - d i o x a - 1 , 8 - d i -  

c h l o r o o c t a n e   in  the  presence  of  potass ium  h y d r o x i d e  

and  10%  aqueous  t e t r a h y d r o f u r a n ,   as  descr ibed   i n  

J.Org.Chem.  39  (1974)  2445-2446.  

The  inven t ion   wi l l   now  be  i l l u s t r a t e d   by  r e f e r e n c e   tc  t h e  

fo l lowing  Examples .  

P r e p a r a t i o n   of  crude  18-crown-6  

A  3 - l i t r e   t h r ee -necked   round-bot tomed  f l a sk ,   f i t t e d   w i t h  

a  mechanical   s t i r r e r ,   a  r e f l u x   condenser  and  a  250  ml  d r o p p i n g  

funnel  was  charged  with  potass ium  hydroxide  p e l l e t s   (416  g .  

c o n t a i n i n g   6.3  mol  KOH),  t e t r a e t h y l e n e   glycol   (1.25  mol)  and 

t e t r a h y d r o f u r a n   (1000  ml).  The  r e a c t i o n   vesse l   was  p l a c e d  

in  a  h e a t i n g   mantle  and  gent ly   hea ted .   After   15  minutes  a 

s o l u t i o n   of  b i s ( 2 - c h l o r o e t h y l ) e t h e r   (3.125  mol)  in  t e t r a h y d r o -  

furan  (150  ml)  was  added  in  one  stream  from  the  dropping  f u n n e l  

to  the  v i g o r o u s l y   s t i r r e d   r e a c t a n t s .   The  r e a c t i o n   mixture  was 

then  heated  under  r e f l u x ,   with  s t i r r i n g   for  18  hours .   Sub-  

s e q u e n t l y ,   the  r e a c t i o n   mixture  was  cooled  and  the  s o l v e n t  

was  removed  under  a  p r e s su re   of  1.9  kPa  to  give  a  brown  s l u r r y  

to  which  d i ch lo romethane   (750  ml)  was  added.  The  r e s u l t i n g   s u s -  

pension  of  potass ium  c h l o r i d e   was  f i l t e r e d   and  the  p o t a s s i u m  

c h l o r i d e   f i l t e r e d   off  was  washed  with  d ich lo romethane   (100  m l ) .  

The  combined  f i l t r a t e   and  washings  were  dried  over  anhydrous  

magnesium  su lpha te   and  the  so lvent   was  evapora ted   at  a  p r e s s u r e  

of  1.9  kPa  to  give  a  r e s idue   of  crude  18-crown-6  (396  g)  c o n -  

t a i n i n g   0.531  mol  of  18-crown-6  (y ie ld   42.5%,  c a l c u l a t e d . o n  



s t a r t i n g   t e t r a e t h y l e n e   g l y c o l ) ,   po tass ium  c h l o r i d e   and  at  l e a s t  

e igh t   other   compounds  among  which 

1 , 4 , 7 , 1 0 , 1 3 , 1 6 , 1 9 , 2 2 , 2 5 , 2 8 , 3 1 , 3 4 - d o d e c a o x a c y c l o h e x a t r i a -  

contane ,   h e x a e t h y l e n e g l y c o l   and  un reac t ed   t e t r a e t h y l e n e   g l y c o l .  
This  crude  18-crown-6  was  used  as  de sc r i bed   h e r e i n a f t e r .  

EXAMPLE  I  -   I s o l a t i o n   of  18-crown-6  in  n i t r ome thane   at  -20°C 

Crude  18-crown-6  (3.021  g),  p repared   as  de sc r ibed   above ,  

was  d i s s o l v e d   in  n i t r ome thane   (4  ml).   The  s o l u t i o n   formed  was 
cooled  to  -20°C  and  the  1 8 - c r o w n - 6 - n i t r o m e t h a n e   complex  p r e -  
c i p i t a t e d   was  f i l t e r e d   off  (1.248  g).  The  complex  was  k e p t  

for  30  minutes  at  70°C  and  a  p r e s s u r e   of  13  Pa,  l e a v i n g  

18-crown-6  in  a  y ie ld   of  37%  c a l c u l a t e d   on  s t a r t i n g   t e t r a -  

e thy lene   g l y c o l ,   or  87%  c a l c u l a t e d   on  18-crown-6  in  the  c r u d e  

18-crown-6.   The  p u r i t y   of  the  18-crown-6  was  h igher   t h a n  

99.5%. 

Comparative  Experiment   A -  I s o l a t i o n   of  18-crown-6  i n  

a c e t o n i t r i l e   at  - 2 0 0 c  

Crude  18-crown-6  (3.021  g),  p repared   as  desc r ibed   a b o v e ,  

was  d i s s o l v e d   in  a c e t o n i t r i l e   (4  ml).  The  s o l u t i o n   formed 

was  cooled  to  -20°C  and  the  1 8 - c r o w n - 6 - a c e t o n i t r i l e   complex 

was  f i l t e r e d   of f .   The  complex  was  kept  for  30  minutes  a t  
70°C  and  a  p r e s s u r e   of  13  Pa,  l eav ing   18-crown-6  in  a  y i e ld   o f  

27X  c a l c u l a t e d   on  s t a r t i n g   t e t r a e t h y l e n e   g lyco l ,   or  63X  c a l -  

cu l a t ed   on  18-crown-6  in  the  crude  18-crown-6.   Comparison  w i t h  

Example  I  shows  tha t   complexa t ion   with  n i t r ome thane   a l l o w s  

the  18-crown-6  in  a  much  h ighe r   y i e l d .  

Comparative  Experiment   B -  I s o l a t i o n   of  18-crown-6  i n  

a c e t o n i t r i l e   at  -45°C 

This  exper iment   is  accord ing   to  the  process   de sc r ibed   i n  

" S y n t h e s i s "   1976,  5 1 5 - 5 1 6 .  

Crude  18-crown-6  (39.6  g),  p repared   as  de sc r i bed   above ,  

was  d i s t i l l e d   at  a  p r e s su re   of  20  Pa  to  give  a  d i s t i l l a t e  

(21.3  g)  b o i l i n g   at  140-210°C.  This  d i s t i l l a t e   was  mixed  w i t h  

a c e t o n i t r i l e   (53  ml)  at  20°C  and  the  mixture   formed  was  c o o l e d  



to  -45°C.  The  r e s u l t a n t   1 8 - c r o w n - 6 - a c e t o n i t r i l e   complex  was 
f i l t e r e d   off  and  sub jec t ed   to  d i s t i l l a t i o n   at  a  p re s su re   o f  

2  Pa  to  give  a  d i s t i l l a t e   of  18-crown-6  in  a  y ie ld   of  25% 

c a l c u l a t e d   on  s t a r t i n g   t e t r a e t h y l e n e   g lyco l ,   or  59%  c a l c u l a t e d  

on  18-crown-6  in  the  crude  18-crown-6.   Comparison  w i t h  

Example  I  shows  tha t   complexat ion  with  n i t romethane   at  -20°C 

allows  the  18-crown-6  in  a  much  h igher   y ie ld   than  c o m p l e x a t i o n  
with  a c e t o n i t r i l e   at  -45°C  followed  by  d i s t i l l a t i o n   o f  

18 -c rown-6 .  

EXAMPLE  I I  -   I s o l a t i o n   of  18-crown-6  in  n i t rome thane   at  +20°C 

Crude  18-crown-6  (3.04  g),  prepared  as  desc r ibed   above,  was 
mixed  with  n i t rome thane   (5ml)  at  20°C.  After   16  hours  t h e  

p r e c i p i t a t e   formed  was  f i l t e r e d   off  and  kept  for  30  minutes  a t  
70°C  and  a  p r e s su re   of  13  Pa,  l eav ing   18-crown-6  in  a  y i e l d  

of  28X  c a l c u l a t e d   on  s t a r t i n g   t e t r a e t h y l e n e   g lyco l ,   or  66X 

c a l c u l a t e d   on  18-crown-6  in  the  crude  18-crown-6.  Comparison 

of  this   y i e ld   with  the  h igher   y ie ld   ob ta ined   in  Example  I  shows 

the  f avourab le   i n f l uence   of  the  t empera ture   of  -20oC  when 

n i t rome thane   is  used  as  the  s o l v e n t .  

EXAMPLE  I I I  -   I s o l a t i o n   of  18-crown-6  in  d i e t h y l   e t h e r  a t   +20°C 

Crude  18-crown-6  (3.5  g),  prepared  as  desc r ibed   above,  was 

e x t r a c t e d   with  four  20-ml  p o r t i o n s   of  d i e t h y l   e t h e r .   The 

re s idue   of  po tass ium  c h l o r i d e   thus  obta ined  was  f i l t e r e d   o f f ,  

the  four  f i l t r a t e s   were  combined,  and  the  so lvent   was  e v a p o r a t e d .  

Then,  a  mixture  of  n i t r ome thane   (0.7  ml)  and  5.1  ml  of  d i e t h y l  

e ther   was  added  at  20°C,  which  caused  an  immediate  p r e c i p i -  

t a t i o n   of  the  1 8 - c r o w n - 6 - n i t r o m e t h a n e   complex.  The  complex 

p r e c i p i t a t e d   was  f i l t e r e d   off  and  kept  for  30  minutes  at  70°C  and 

a  p re s su re   of  13  Pa,  l eav ing   18-crown-6  in  a  y ie ld   of  37X 

c a l c u l a t e d   on  s t a r t i n g   t e t r a e t h y l e n e   g lyco l ,   or  87X  c a l c u l a t e d  

on  18-crown-6  in  the  crude  18-crown-6.   Comparison  of  th is   y i e l d  

with  the  lower  y ie ld   of  Example  II  shows  the  f avourab le   i n f l u e n c e  

of  the  d i e t h y l   e t h e r .  

EXAMPLE  IV -  I s o l a t i o n   of  18-crown-6  in  methanol  at  + 2 0 ° C  

Crude  18-crown-6  (3.16  g),  prepared  as  desc r ibed   above,  was 



mixed  with  n i t r ome thane   (0.6  ml)  and  methanol  (4.4  ml)  a t  
20°C.  After   16  hours  the  p r e c i p i t a t e   formed  was  f i l t e r e d   o f f  

and  kept  for  30  minutes  at  70°C  and  a  p r e s su re   of  13  P a ,  

l eav ing   18-crown-6  in  a  y ie ld   of  13%,  c a l c u l a t e d   on  s t a r t i n g  

t e t r a e t h y l e n e   g lyco l ,   or  31%,  c a l c u l a t e d   on  18-crown-6  i n  

the  crude  18-crown-6.   Comparison  of  th is   y ie ld   with  the  h i g h e r  

y i e l d s   ob ta ined   in  the  Examples  II  and  I I I   shows  that   in  t h i s  

case  d i e t h y l   e ther   and  n i t rome thane   are  more  a t t r a c t i v e  

so lven t s   than  m e t h a n o l .  

EXAMPLE  V -  S e p a r a t i o n   of  18-crown-6  from  m a c r o c y c l i c  

p o l y e t h e r   No.  3  in   d i e t h y l   e t h e r  

Ni t romethane   (0.6  ml)  was  added  at  20°C  to  a  s o l u t i o n   o f  

18-crown-6  (1.13  mmol)  and  macrocyc l i c   p o l y e t h e r   No. 3  of  t h e  

formula  page  (1.15  mmol)  in  d i e t h y l   e ther   (6  ml).  The  p r e c i p i t a t e  

formed  was  f i l t e r e d   off ,   washed  at  20°C  with  1  ml  of  a  d i e t h y l  

e t h e r / n i t r o m e t h a n e   (10/1  v/v)  mixture   and  dr ied  with  dry  a i r  

at  20°C.  The  dr ied  p r e c i p i t a t e   was  the  1 8 - c r o w n - 6 - n i t r o m e t h a n e  

complex.  The  complex  con ta ined   92%  of  the  s t a r t i n g   amount  o f  

18-crown-6  and  the  molar  r a t i o   of  18-crown-6  to  m a c r o c y c l i c  

p o l y e t h e r   No. 3  in  the  dr ied  p r e c i p i t a t e   was  97:3.  The  complex 

was  kept  for  30  minutes  at  70°C  and  a  p r e s su re   of  13  Pa  l e a v i n g  

18-crown-6  c o n t a i n i n g   3X  macrocyc l i c   p o l y e t h e r   No.  3.  

EXAMPLES  VI  to  XI -   P r e c i p i t a t i o n   of  the  1 8 - c r o w n - 6 - n i t r o -  

methane  complex  in  va r ious   s o l v e n t s  

Ni t romethane  (1.48  mmol) was  added  to  a  s o l u t i o n   o f  

18-crown-6  (0.19  mmol)  and  macrocyc l i c   p o l y e t h e r   No. 3  o f  

the  formula  page  (0.19  mmol)  in  a  so lvent   (1  ml)  at  25°C. 

The  1 8 - c r o w n - 6 - n i t r o m e t h a n e   complex  p r e c i p i t a t e d   was  f i l t e r e d   o f f .  

The  f i l t e r e d   m a t e r i a l   was  kept  for  30  minutes  at  70°C  and  a 

p r e s su re   of  13  Pa,  which  caused  d i s s o c i a t i o n   into  n i t r o m e t h a n e ,  

which  was  sucked  off ,   and  18-crown-6.   Then,  the  18-c rown-6  

was  weighed  and  the  y ie ld   of  it   on  the  s t a r t i n g   amount  o f  

18-crown-6  was  c a l c u l a t e d .   Six  s o l v e n t s   were  t e s t ed   in  t h i s  

manner.  Table  I  p r e s e n t s   the  r e s u l t s .   The  p u r i t y   of  t h e  

18-crown-6  was  99%  in  each  of  the  Example s .  



Comparative  Experiment  C - P r e c i p i t a t i o n   of  the  18 -c rown-6-  

a c e t o n i t r i l e   complex  in  d i e thy l   e t h e r  

A c e t o n i t r i l e   (1.48  mmol)  was  added  to  a  s o l u t i o n   o f  

18-crown-6  (0.19  mmol)  and  macrocyc l ic   po lye the r   No.  3 of  t h e  

formula  page  (0.19  mmol)  in  d i e thy l   e ther   (1  ml)  at  25°C.  The 

1 8 - c r o w n - 6 - a c e t o n i t r i l e   complex  c r y s t a l l i z e d   out  i m m e d i a t e l y  

and  was  f i l t e r e d   off .   It  conta ined  40%  of  the  s t a r t i n g   amount 

of  18-crown-6.   Comparison  with  Example  VI  shows  that   n i t r o -  

methane  had  complexed  a  much  l a rge r   part   of  the  1 8 - c r w n - 6   t h a n  

a c e t o n i t r i l e .   The  pur i ty   of  the  18-crown-6  was  more  than  99%. 

Comparative  Experiments   D  to  H-Attempted  p r e c i p i t a t i o n   o f  

the  1 8 - c r o w n - 6 - a c e t o n i t r i l e   complex  in  five  s o l v e n t s  

The  exper iments   of  Examples  VII  to  XI  were  c a r r i e d   o u t  

with  a c e t o n i t r i l e   (1.71  mmol)  i n s t ead   of  n i t romethane   (1.15  mmol). 

In  none  of  the  five  exper iments   was  a  p r e c i p i t a t e   formed.  

Comparative  Experiments   I  to  P  -Attempted  p r e p a r a t i o n   o f  

complexes  of  n i t romethane   with  macrocyc l ic   p o l y e t h e r s  

other   than  18-crown-6  

These  e ight   comparat ive   exper iments   were  c a r r i e d   out  w i t h  

the  macrocyc l ic   p o l y e t h e r s   l i s t e d   in  Table  I I .   Their  s t r u c t u r a l  

formulae  are  shown  on  the  formula  page.  Each  macrocyc l ic   p o l y -  

e ther   has  been  given  a  number  which  is  mentioned  in  Table  I I  

and  on  the  formula  page .  



In  Comparative  Experiment   No.  I  n i t r ome thane   (1.15  mmol) 

was  added  to  a  s a t u r a t e d   s o l u t i o n   of  macrocyc l i c   p o l y e t h e r  

No.  1  in   d i e t h y l   e ther   (1  ml)  at  25°C.  In  Compara t ive  

Exper iments   J  to  P  n i t r o m e t h a n e   was  added  to  a  s o l u t i o n   of  100  mg 
of  the  mac rocyc l i c   p o l y e t h e r   in  d i e t h y l   e ther   at  250C.  In  none  

of  the  e igh t   exper iments   was  a  p r e c i p i t a t e   fo rmed .  

Comparative  Experiment   Q-Attempted  p r e p a r a t i o n   of  a  m a c r o c y c l i c  

p o l y e t h e r   I - n i t r o m e t h a n e   complex 

Ni t romethane   (1.15  mmol)  was  added  at  25°C  to  a  s a t u r a t e d  

s o l u t i o n   of  m a c r o c y c l i c   p o l y e t h e r   1  (see  Table  II  and 

formula  page)  in  methanol  (1  ml).  No  p r e c i p i t a t e   was  fo rmed .  



1.  Process  for  the  i s o l a t i o n   of  1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a c y c l o -  

oc tadecane   from  a  mixture  also  c o n t a i n i n g   one  or  more  o t h e r  

macrocyc l i c   p o l y e t h e r s ,   c h a r a c t e r i z e d   by  r e a c t i n g   t h e  

1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a e y c l o o c t a d e c a n e   with  n i t r o m e t h a n e  i n   t h e  

presence  of  a  so lvent   for  the  said  macrocyc l i c   p o l y e t h e r s ,   t o  

p r e c i p i t a t e   a  complex  of  1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a c y c l o o c t a d e c a n e  

and  n i t r o m e t h a n e ,   s e p a r a t i n g   p r e c i p i t a t e d   complex  from  t h e  

mixture  c o n t a i n i n g   the  complex,  d i s s o c i a t i n g   s epa ra t ed   complex 

and  s e p a r a t i n g   the  components  from  each  o t h e r .  

2.  Process  as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  that   t h e  

so lvent   s u b s t a n t i a l l y   c o n s i s t s   of  n i t r o m e t h a n e .  

3.  Process  as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  that   t h e  

so lvent   s u b s t a n t i a l l y   c o n s i s t s   of  an  e t h e r .  

4.  Process  as  claimed  in  claim  3,  c h a r a c t e r i z e d   in  that   t h e  

e ther   is  a  d i a l k y l   e t h e r .  

5.  Process  as  claimed  in  claim  4,  c h a r a c t e r i z e d   in  that   t h e  

d i a l k y l   e ther   is  d i e t h y l   e t h e r .  

6.  Process  as  claimed  in  claim  3,  c h a r a c t e r i z e d   in  that   t h e  

e ther   is  a  cyc l i c   e t h e r .  

7.  Process  as  claimed  in  claim  6,  c h a r a c t e r i z e d   in  that   t h e  

cyc l i c   e ther   is  1 , 4 - d i o x a n e .  

8.  Process  as  claimed  in  claim  6,  c h a r a c t e r i z e d   in  that   t h e  

cyc l i c   e ther   is  t e t r a h y d r o f u r a n .  

9.  Process  as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  that   t h e  

so lven t   s u b s t a n t i a l l y   c o n s i s t s   of  an  a l k a n o l .  



10.  Process  as  claimed  in  claim  9,  c h a r a c t e r i z e d   in  that   t h e  

a lkanol   is  m e t h a n o l .  

11.  Process  as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  that   t h e  

so lven t   s u b s t a n t i a l l y   c o n s i s t   of  a  hydrocarbon  or  a  m i x t u r e  

of  h y d r o c a r b o n s .  

12.  Process  as  claimed  in  claim  11,  c h a r a c t e r i z e d   in  that   t h e  

hydrocarbon  is  b e n z e n e .  

13.  Process  as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  that   t h e  

so lven t   s u b s t a n t i a l l y   c o n s i s t s   of  w a t e r .  

14.  Process  as  claimed  in  any  one  of  the  p reced ing   c l a i m s  

c h a r a c t e r i z e d   in  that   the  r e a c t i o n   between  1 , 4 , 7 , 1 0 , 1 3 , 1 6 -  

h e x a o x a c y c l o o c t a d e c a n e   and  n i t r ome thane   is  c a r r i e d   out  at  a 

t empera tu re   in  the  range  of  from  -25°C  to  +35°C. 

15.  Process  as  claimed  in  claim  2,  c h a r a c t e r i z e d   in  that   t h e  

r e a c t i o n   between  1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a c y c l o o c t a d e c a n e   and 

n i t r ome thane   is  c a r r i e d   out  at  a  t empera tu re   in  the  range  o f  

from  0°C  to  - 2 5 ° C .  

16.  Process  as  claimed  in  any  one  of  claims  3  to  13,  c h a r a c -  

t e r i z e d   in  tha t   the  r e a c t i o n   between  1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a -  

c y c l o o c t a d e c a n e   and  n i t r ome thane   is  c a r r i e d   out  at  a  t e m p e r a t u r e  

in  the  range  of  from  0°C  to  +350c.  

17.  Process   as  claimed  in  any  one  of  the  p r e c e d i n g  c l a i m s ,  

c h a r a c t e r i z e d   in  tha t   the  1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a o x a c y c l o o c t a d e c a n e  

in  the  s t a r t i n g   mix ture   has  been  ob ta ined   by  r e a c t i n g   t e t r a -  

e thy lene   g lycol   with  a  b i s ( 2 - h a l o e t h y l ) e t h e r   in  the  p r e s e n c e  
of  an  a l k a l i   metal  h y d r o x i d e .  
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