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Synthesis of perfluoro crown ethers: a new class of 
cyclic fluorocarbons 

Wen-Huey Lin ,  Webb I. Bai ley ,  J r .  and Richard J. Lagow* 

Department of Chemistry,The Un ive r s i ty  of Texas, Aus t in ,  Texas 78712 

Abstract: The f i r s t  perfluoro crown ethers,-perfluoro-18-crown-6, perfluoro 

15-crown-5 and perfluoro 12-crown-4. have been prepared by carefully controlled elemental 

f luorination. 

have a number of applications. 

Although they a re  weaker bases, crown ethers a re  materials which w i l l  

Pe r f luo ro  crown e t h e r s  have been s y n t h e t i c a l l y  i n a c c e s s i b l e  by convent iona l  r e a c t i o n s  

of f luo roca rbons  and o u t s i d e  t h e  c a p a b i l i t i e s  of s y n t h e s i s  by f l u o r i n a t i o n  us ing  s e l e c t i v e  

f l u o r i n a t i o n  r eagen t s .  Examples o f  t h i s  p o t e n t i a l l y  u s e f u l  c l a s s  of macrocycles have been 

prepared  r e c e n t l y  i n  o u r  l a b o r a t o r y .  

b roadly  a p p l i c a b l e  techniques  f o r  c o n t r o l l i n g  r e a c t i o n s  o f  e lementa l  f l u o r i n e  (LaMar) 

developed i n  o u r  l a b o r a t o r y  and t h e  r e a c t i o n s  were conducted i n  t h e  p rev ious ly  descr ibed  

cryogenic  f l u o r i n a t i o n  r e a c t o r .  

These syn theses  have been accomplished us ing  t h e  

1 

Per f luo ro  crown e t h e r s  are expected t o  b e  unusua l ly  s t a b l e .  The r e a c t i o n s  t o  produce 

p e r f l u o r o  18-crown-6, pe r f luo ro  15-crown-5 and p e r f l u o r o  12-crown-4 are i l l u s t r a t e d  i n  

F igu re  1. 

The s t a r t i n g  hydrocarbon crown e t h e r  w a s  p u r i f i e d  by d i s t i l l a t i o n  and r e c r y s t a l l i -  

z a t i o n .  

powder and mixed w e l l  i n  a dry  box. 

i n f luenced  t h e  y i e l d s  ob ta ined :  

I n  a t y p i c a l  experiment,  0.81 g 18-crown-6 and 2.09 g NaF were ground t o  a f i n e  

We found f o r  t h e s e  experiments t h a t  s e v e r a l  f a c t o r s  

t h e  s u r f a c e  area exposed t o  f l u o r i n e ,  t h e  r e a c t i o n  
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t empera tures ,  t h e  r e a c t i o n  t i m e ,  and t h e  f l u o r i n a t i o n  cond i t ions .  But t h e  s u r f a c e  a rea  

v a r i a b l e  w a s  p a r t i c u l a r l y  impor tan t .  To i n c r e a s e  t h e  s u r f a c e  area, sodium f l u o r i d e  w a s  

used as a s o l i d  suppor t  upon which t h e  s t a r t i n g  crown e t h e r  w a s  coa ted .  A second f u n c t i o n  

of t h i s  sodium f l u o r i d e  was t o  react wi th  t h e  hydrogen f l u o r i d e  produced as t h e  r e a c t i o n  

proceeds .  

The mix tu re  w a s  p laced  i n  a n i c k e l  boa t  and loaded  i n t o  a f l u o r i n a t i o n  r e a c t o r .  A 

Af t e r  t r a p  w a s  p laced  a f t e r  t h e  r e a c t o r  which w a s  used t o  c o l l e c t  t h e  v o l a t i l e  products .  

a H e  purge w a s  maintained f o r  s e v e r a l  hours ,  t h e  r e a c t o r  and t r a p  were cooled  t o  - 7 8 O C .  

The f l u o r i n a t i o n  r e a c t i o n  was s t a r t e d  and followed t h e  c o n d i t i o n s  shown i n  Table  1. 

Af te r  t h e  r e a c t i o n ,  H e  w a s  passed through t h e  r e a c t o r  t o  sweep F2 from t h e  system. 

The v o l a t i l e  products  produced were t r a n s f e r r e d  from t h e  - 7 8 O C  t r a p  t o  a vacuum l i n e  

f o r  f r a c t i o n a t i o n .  F r a c t i o n s  were ob ta ined  t h a t  stopped a t  -23OC and -78OC. The -23OC 

f r a c t i o n  w a s  f u r t h e r  s epa ra t ed  i n t o  t h r e e  components u s ing  a gas  chromatograph wi th  a 

f l u o r o s i l i c o n e  column. 

The major component w a s  i d e n t i f i e d  as pe r f luo ro  18-crown-6. Pe r f luo ro  18-crown-6 

was a v o l a t i l e  c o l o r l e s s  c r y s t a l l i n e  s o l i d ,  mp 34OC, ob ta ined  i n  33.5% y i e l d  (0.  715 g 

based on s t a r t i n g  18-crown-6) which could  be  e a s i l y  sublimed. 

were c o n s i s t e n t  w i th  C F 0 (Calcd: %C, 20.71; %F, 65.50. Found: % C ,  20.90; 1 2  24 6 

%F, 65.35).  The vapor phase I R  spectrum exh ib i t ed  bands a t  1240(vs ) ,  122O(vs),  

1140(vs)  and 730(m) cm-'. 6 6  

from e x t e r n a l  CFC13. The I 3 C  NMR (C F s o l u t i o n )  a l s o  conta ined  a s i n g l e t  which was 

observed a t  114.9 ppm from e x t e r n a l  TMS. 

t o  ambient tempera ture)  gave no p a r e n t  peak bu t  m / e  of 677 was observed which corresponded 

t o  t h e  molecular i o n  minus one f l u o r i n e .  The remaining two f r a c t i o n s  from t h e  GC 

s e p a r a t i o n  were i d e n t i f i e d  as CF30(CF CF 0) CF (22  mg) 

( s e e  Table 11). These r e a c t i o n  by-products r e s u l t e d  from t h e  f ragmenta t ion  of t h e  r i n g  

system t o  produce t h e  s t r a i g h t  cha in  p e r f l u o r o  p o l y e t h e r s .  

The e lementa l  a n a l y s e s  

The I9F  NMR (C F s o l u t i o n )  conta ined  a s i n g l e t  a t  -91.0 ppm 

6 6  

The mass spectrum (wi th  t h e  spec t rometer  cooled 

(40 mg) and CF3CF20(CF CF 0) CF 2 2 4 3  2 2 4 3  

The p r e p a r a t i o n  o f  15-crown-5 and 12-crown-4 were performed i n  a similar manner. 

The f l u o r i n a t i o n  parameters  used are l i s t e d  i n  Table 111. 

i z a t i o n  of p e r f l u o r o  15-crown-5 and p e r f l u o r o  12-crown-4 are l i s t e d  i n  Table  I V .  

The P r o p e r t i e s  and c h a r a c t e r -  

P e r f l u o r i n a t e d  d e r i v a t i v e s  o f  hydrocarbon compounds u s u a l l y  e x h i b i t  d i f f e r e n t  

p r o p e r t i e s  t han  t h e i r  hydrocarbon ana logues .  

more v o l a t i l e  t han  t h e  hydrocarbon products .  

pocket s i z e  t o  change. A dec rease  i n  t h e  b a s i c i t y  of t h e  crown e t h e r  would a l s o  be  

p red ic t ed  and a key ques t ion  i s  whether t h e  pe r f luo ro  crown e t h e r s  can  c o o r d i n a t e  metals 

and o rganometa l l i c  spec ie s?  Th i s  i n t e r a c t i o n ,  which is expected t o  be  much weaker, i s  

under s tudy .  The p e r f l u o r o  ana log  has  approximate C 2  symmetry, u n l i k e  18-crown-6 which 

has  C1 symmetry, as i l l u s t r a t e d  wi th  a view loak ing  through t h e  c a v i t y  of t h e  molecule.  

The p e r f l u o r o  crown e t h e r s  are markedly 

One would expec t  t h e  dimensions o f  t h e  
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Tab le  I .  F l u o r i n a t i o n  para- 

Time He F2 Temp. 
(h rs . )  (cc/min) (cc /min)  ("C) 

meters  f o r  18-crown-6. 

16  

23 

24 

24 

24 

24 

36 

29 

24 

47 

24 

295 

60 

40 

20 

10  

10  

0 

0 

0 

0 

0 

60 

0 

1 .o 

1 .o 
1 .o 
3.0 

1 .o 
2.0 

2.0 

2.0 

2.0 

0 

-78 

-70 

-78 

-78 

-78 

-78 

-18 

RT 

45 

60 

60 

~~~ ____ 

Table 111. F l u o r i n a t i o n  parameters 
f o r  15-crown-5 and 12-crown-4. 

Time He F2 Temp. 
(h rs . )  (cc/min) (cc /min)  ("C) 

18 

25 

24 

24 

29 

40 

43 

29 

24 

- 24 
280 

20 

22 

25 

24 

24 

33 

37 

24 

27 

24 
260 
- 

15-crown-5: 

60 0 

40 1 .o 
20 1 .o 
1 0  1 .o 
10 3.0 

0 1 .o 
0 2.0 

0 2.0 

0 2.0 

60 0 

12-crown-4: 

60 0 

40 1.0 

20 1 .o 
10  1 .o 
10  3.0 

0 1 .o 
0 2.0 

0 2.0 

0 2.0 

60 0 

-78 

-78 

-78 

-78 

-78 

-76 

-78 

RT 

45 

43 

-78 

-78 

-78 

-78 

-78 

-78 

-78 

RT 

45 

45 

Table 11. Charac ter iza t ions  o f  s t r a i g h t  chain per f luoropo lye thers  

Assigned 19F R e l a t i v e  
Compound Chemical S h i f t  i n  ppm I n t e n s i t i e s  

( h i g h e s t  m/e i n  mass spec) ( v s  Ext .  CFC13) obs. theor. 

1. CF30CF2CF20CF2CF20CF3 

a b c  c b  a 

367 (CSF1303, P-F) 

2. CF3CF20CF2CF20CF2CF20CF3 

a b  c c  c c  d 

417 (C7F1503, P-F) 

3.  CF3CF20CF2CF20CF2CF20CF2CF3 

a b  b b  b b  b a  

467 (C8F1703, P-F) 

4.  CF30[CF2CF20CF2CF20CF2CF20]CF3 

a b c  c c  c b  a 

483 (C8F1704, P-F) 

5. CF3CF20[CF2CF20CF2CF20CF2CF20]CF3 

a b  c c  c c  c c  d 

(533 (CgF1903, P-F) 

6. CF30[CF2CF20CF2CF20CF2CF20CF2CF20]CF3 

a b c  c c  c c  c b  a 

599 (ClOF2105, P-F) 

7 .  CF3CF20[CF2CF20CF2CF20CF2CF20CF2CF20]CF3 

a b  c c  c c  c c  c c  d 

599 (ClOF2105~ P-CF3) 

a = -58.5 

b -93.2 

c = -91.1 

a = -89.7 

b = -93.0 

c = -91.0 

d = -58.3 

a = -89.9 

b = -91.0 

a = -58.1 

b -92.0 

c = -90.9 

a = -89.6 

b = -92.7 

C = -90.8 

d = -56.0 

a = -56.3 

b = -93.0 

c = -91.0 

a = -89.4 

b = -92.7 

c -90.6 

d = -58.0 

1 .5  

1.1 

1 .o 

1.5 

1 .o 
4.1 

1.4 

1 .o 
2.1 

1.5 

1 .o 
2.2 

1.2 

1 .o 
5.2 

1.2 

1 .5  

1 .o 
2 .9  

1.3 

1 .o 
8.0 

1.4 

1.5 

1 .o 

1 .o  

1 .5  

1 . o  
4.0 

1.5 

1 . o  

2.0 

1.5 

1 .o 
2.0 

1.5 

1 .o 
6.0 

1.5 

1 .5  

1 .o 
3.0 

1.5 

1 .o 
8.0 

1.5 
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Table I V .  P r o p e r t i e s  and c h a r a c t e r i z a t i o n  of  p e r f l u o r o  15-crown-5 and p e r f l u o r o  12-crown-4. 

12-crown-4 15-crown-5 

B o i l i n g  Po in t ,  'C 

Elemental Ana lys is  

Calcd. 

Found 

I R  (vapor phase) cm-' 

NMR (neat l i q u i d )  

Mass Spectrum, m/e 

146" 118" 

%C, 20.71; %C, 20.71; 
%F, 65.50 %F, 65.50 

XC, 20.90; %C, 20.90; 
%F, 65.04 %F, 65.18 

1260(vs),  

19F - s i n g l e t  
-91.8 ppm -90.0 ppm 
(ex t .  CFC1,) ( e x t .  CFC1,) 

19F - s i n g l e t  

13c - s i n g l e t  
114.9 ppm 114.9 ppm 
( e x t .  TMS) ( e x t .  TMS) 

13c - s i n g l e t  

Single crystals have been grown of 18-crown-6 and preliminary structural information 

indicates that the ring is puckered in a manner so that oxygen is exposed and 

projected toward a metal coordination site? The effects of perfluorinating 18-crown-6 

show up very well in the shortened C-0 bonds and lengthened C-C bonds. The average C-0 

bond length in perfluoro 18-crown-6 [1.376(7)1] is shorter than the average C-0 bond 

length in 18-crown-6 [1,411(8)i]. 

functions as macrocyclic ligands, the compounds are of interest in the biomedical and 

oxygen carrier areas for they are definitely physiologically compatible with human and 

3 other mammalian tissue. 

In addition to the possibility of serving normal 

This synthetic breakthrough opens the possibility of preparation of many novel 

crown ether systems as well as the synthesis of perfluoro cryptans. Such ligands should 

be much less subject to chemical attack or thermal degradation. 
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