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Bio logica l  Processes, 

O f  t h e  four  possible  f l u o r i n e - s u b s t i t u t e d  ammonium ions,  only the tetra- 
f l u o r o  der iva t ive  has been reported as a s t a b l e  salt.*,3 
fluoramine have been reported t o  form r e v e r s i b l e  complexes with Lewis a c i d s  a t  
low Lenperatures. Fluoramin w a s  claimed t o  be  a by-product of  t h e  e l e c t r o l y -  
sis of ammonium b i f l u o r i d e 5 ~ ‘  but t h e  r e s u l t s  have been shown t o  be i n  e r r o r . 7  
Xnethylf luoramihe w a s  synthesized by the f l u o r i n a t i o n  of  unsymmetrical d i -  
methylsulfamide and t h e  compound w a s  s u f f i c i e n t l y  bas ic  t o  form a s t a b l e  hydro- 
ch lor ide .  Fluorimonium salts prepared by t h e  rearrangement of  a i k y l d i f l u o r -  
aa inesg  can a l s o  be considered as a lkyl idene  d e r i v a t i v e s  of s u b s t i t u t e d  f l u o r -  
amines. 

Difluoramine and tri- 

8 Simple s a l t s  of  fluoramine have now been prepared by t h e  r e a c t i o n  of  
a l k y l  N-fluorocarbamates with s t r o n g  ac ids .  The s t a r t i n g  materials are synt’ie- 
s i z e d  r e a d i l y  by t h e  f l u o r i n a t i o n  .of a l k y l  carbamates.1° 

Fluoraomonim B i s u l f a t e .  Fluorimonium salts have been prepared and 
cnarac te r izea  i n  s u l f u r i c  a c i d .  Under t h e s e  condi t ions ,  t h e  hydro lys is  of N- 
fluorocarbamates i n  s u l f u r i c  a c i d  would be expected t o  g ive  t h e  fluorammonium 
ion ,  which a l s o  should be s t a b l e .  

!;%en a s o l i t i o n  of  e t h y l  N-fiuorocarbamate i n  concentrated s u l f u r i c  ac id  
bas heated a t  65 to 4G0, carbon dioxide and ethylene were evolved. 
n m  spectrum o f  t h e  s u l f u r i c  a c i d  s o l u t i o n  cons is ted  of a q u a r t e t  a t  36.8 ppm 
r e l a t i v e  t o  SLternai  t r i f l u o r o a c e t i c  a c i d ,  with a coupl ing constant  of  38 cps. 
?nus, t h e  f l m r i n e  was coupled t o  t h r e e  equiva len t  hydrogens, and it i s  note- 
xor thy  t h a t  t n e  hydrogens d id  not  exchange r a p i d l y  with t h e  so lvent .  By con- 
trast, t h e  F19 spectrum of an u n h e d e d  s o l u t i o n  of e t h y l  N-fluorocarbamate i n  
s u l P a i c  a c i d  cons is ted  of  a s i n g l e  broadened s i g n a l  a t  27.5 ppm; t h e  NH pro- 
t o n s  of t h e  s t a r t i n g  material t h u s  exchanged with t h e  so lvent  r a p i d l y  by the  
nmr time sca le .  
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Addit ional  evidence f o r  t h e  fluorammonium i o n  s t r u c t u r e  was obtained from re-  
a c t i o n s  witin carbonyl compounds. The r e a c t i o n  of cyclohexanone with a s u l f u r i c  ac id  
s o l u t i o n  of fluorammonium b i s u l f a t e  gave €-caprolactam, i s o l a t e d  by quenching t h e  

, mixture wi th  i c e .  A probable  in te rmedia te  was a-fluoraminocyclohexanol, which could 
l o s e  a f l u o r i d e  i o n  and undergo nucleophic r i n g  expansion. Al te rna t ive ly ,  t h e  de- 
hydra t ion  of  t h i s  a l c o h o l  could give fluoriminocyclohexane, which i n  turn ,  would 
unaergo a similar r i n g  expansion.  The Beckmann fragmentat ion of  f luorimines has  
been r e p o r t e d  r e c e n t l y . l l  

1 -H20 

' h e n  E-butyraldehyde w a s  t r e a t e d  s i m i l a r l y  wi th  t h e  fluorammonium b i s u l f a t e  
s o l u t i o n ,  c-butyronitri ' .? w a s  formed. 
ence of base i n s t e a d  of  a c i d  i s  t h e  s y n t h e s i s  of  n i t r i l e s  from aromatic aldehydes 
and chloramine. l2 , 

A r e l a t e d  r e a c t i o n ,  c a r r i e d  out i n  t h e  pres- 

NH F@ 
CH3CH2CH2CH0 2 CH3CH2CH2C=N 

H2° 

Attempts t o  i s o l a t e  pure fluorammonium b i s u l f a t e ,  by d i l u t i n g  t h e  s u l f u r i c  
a c i d  s o l u t i o n  with organic  s o l v e n t s ,  were unsuccessful .  

?luoranoonium F'erchlorate. P e r c h l o r i c  a c i d ,  which i s  more v o l a t i l e  than s u l -  
fur ic  a c i d ,  appeared t o  o f f e r  b e t t e r  p o s s i b i l i t i e s  for t h e  i s o l a t i o n  of  a pure 
fluorammonium salt .  Accordingly, a s o l u t i o n  of e t h y l  N-fluorocarbamate i n  70% per- 
c h l o r i c  acici was h e a t e d  u n t i l  gas  was evolved (68O), and t h e  excess  perchlor ic  a c i d  
w a s  t n e n  removed under  vacuum. 
t e r i a l  o f  l o w  v o l a t i l i t y .  Isopropyl  N-fluorocarbamate reac ted  w i t h  TO$ perchlor ic  
a c i d  at a l o w e r  temperature  t h a n  t h e  e t h y l  ester (35 t o  Uo), and gave a less con- 
taminated,  but s t i l l  u n s a t i s f a c t o r y  product .  Unexpectedly, fluorammonium perchlo- 
r a t e  was found t o  h a v e ' a p p r e c i a b l e  vapor pressure ,  subliming slowly at 46'1.02 ma; 
t h e  sublimed s a l t  w a s  a n a l y t i c a l l y  pure. 

However, t h e  product  was contaminated by organic  ma- 
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I It i s  well-recognized t h a t  t h e  maximum a c i d  s t r e n g t h  of a s o l u t i o n  i s  l imi ted  

by tine a c i d i t y  of t h e  conjugate a c i d  of  t h e  so lvent .  For t h i s  reason, perchlor ic  
a c i d  i s  a s t ronger  a c i d  i n  a c e t i c  a c i d  t h a t  i n  aqueous s o l u t i o n . l 3  
i s  so luble  i n  chloroform14; therefore;  t h i s  so lvent ,  which has  very low bas ic i ty ,  
should enhance the' a c i d i t y .  Indeed, i sopropyl  N-fluorocarbamate reac ted  more 
r a p i d l y  with a 10s s o l u t i o n  of  anhydrous p e r c h l o r i c  a c i d  i n  chloroform, than with 
t h e  70$ commercial reagent .  
r a t e  was inso luble  i n  chloroform. Analy t ica l ly  pure product w a s  i s o l a t e d  d i r e c t l y  
i n  q u a n t i t a t i v e  y i e l d .  
asmuch as carbon dioxide f r e e  of propylene w a s  l i b e r a t e d ,  it appears l i k e l y  t h a t  i s o -  
propyl perchlora te  w a s  formed; i f  it w a s  formed, it would remain i n  s o l u t i o n . l 5  

i Perchlor ic  ac id  

An a d d i t i o n a l  advantage w a s  t h a t  fluorammonium perchlo- 

The f a t e  of t h e  i sopropyl  g o u p  w a s  not  determined, but in-  

a 

C H C l  
(CHJ)2CHOCNHF + 2 H C 1 0 4  4 (CH3)2CHOC10J + C 0 2  
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Fluorammonium perchlora te  was a white  s o l i d  which melted with decomposition at 
104 t o  105'. D i f f e r e n t i a l  thermal  a n a l y s i s  showed a sharp  exotherm a t  t h i s  tenpera-  
t u r e .  The impact s e n s i t i v i t y  w a s  t h e  same as t h a t  of RDX. The salt  w a s  hygrosco3ic 
and decomposed r a p i d l y  i n  t h e  presence of atmospheric moisture. Although the  synthe- 
sis and i s o l a t i o n  w a s  c a r r i e d  out  i n  g l a s s  equipment under an atmosphere of  d r y  n i -  
t rogen ,  some e tch ing  of t h e  g l a s s  w a s  v i s i b l e  a f t e r  s e v e r a l  hours  of  contact  with 
t h e  s a l t .  
without decomposition, i n  f luorocarbon o r  pass iva ted-n icke l  conta iners .  

However, samples have been s t o r e d  a t  room temperature  f o r  s e v e r a l  months, 

Fluorammonium perchlora te  w a s  inso luble  i n  hydrocarbons and halocarbons; it 
WBS so luble  i n  simple e s t e r s ,  n i t r i l e s ,  n i t roa lkanes ,  and i n  such e t h e r s  as mono- 
glyne and te t rahydrofuran .  It formed a 1:l complex with dioxane. Concentrated 
s o l u t i o n s  ( e . g . ,  30 t o  50%) i n  any so lvents  were uns tab le ,  and i n  s e v e r a l  instances ,  
fumed o f f  s h o r t l y  after they  were prepared.  
a c e t a t e  s o l u t i o n  p r e c i p i t a t e d  unchanged fluorammonium perchlora te .  

Addition of chloroform t o  t h e  e t h y l  

The f l u o r i n e  nmr spectrum of  fluorammonium perchlora te  i n  s u l f u r i c  a c i d  con- 
s i s t e d  of a q u a r t e t  (J = 44 .1  cps)  a t  34.3 ppm from t r i f l u o r a c e t i c  aFid ( @  = 110.6), 
while t h e  proton spectrum showed a doublet  (J  = 44 cps)  a t  10.28 S.l0 However, when 
a c e t o n i t r i l e  w a s  used as t h e  nmr so lvent ,  t h e  proton spectrum gave a broadened s ing-  
l e t  at  10.7 8, while t h e  f l u o r i n e  spectrum gave a s l i g h t l y  unsymmetrical s i n g l e t  a t  
122.4 @. In  e t h y l  a c e t a t e ,  t h e  proton s i g n a l  w a s  a sharp  s i n g l e t  a t  1 1 . 5  8, and t h e  
f l u o r i n e  s i g n a l  w a s  a sharp  s i n g l e t  a t  122.8 fl. Thus, rap id  hydrogen exchange'took 
p lace  i n  t h e  organic  so lvcnts  but not  i n  s u l f u r i c  a c i d .  I f  t h e  mechanism of ex- 
char.ge were d i r e c t  displacement of protons,  a h igher  rate could be expected i n  su l -  
f u r i c  a c i d  than i n  t h e  organic  so lvents .  The more b a s i c  so lvents  apparent ly  a l low 
d i s s o c i a t i o n  of fluorammonium perchlora te ,  t o  a small ex ten t ,  t o  fluoramine and per- 
c h l o r i c  ac id .  The high v o l a t i l i t y  of  fluorammonium perchlora te ,  compared t o  t h a t  of  
anmonium perchlora te  might a l s o  be t h e  r e s u l t  of  d i s s o c i a t i o n .  

0 
H NF C l o p -  H2NF + H C 1 0 4  3 

7 l u o r a x o n i u n  Methanesulfonate - Fluorammonium methanesulfonate was synthe- 
; i zec  by heaLing e t h y l  N-fluorocarbamate and methanesulfonic a c i d  at 90'. 
.,:as 2 r e c i p i t a t e d  by t h e  a d d i t i o n  of  e t h e r .  
e s s e n t i a l l y  t h e  same as those  of t h e  perchlora te ,  and of t h e  perchlorate-dioxane 
complex; t h i s  temperature  range appears  t o  be t h e  s t a b i l i t y  l i m i t  of t h e  fluoram- 
monium ion.  

The sal t  
The melt ing poin t  and d t a  exotherm were 

6 



7 6 .  
The i n f r a r e d  spectrum i s  descr ibed  i n  t h e  Experimental Sec t ion .  

Methylfluorammonium B i s u l f a t e  - To determine whether s u b s t i t u t e d  f luoramon-  
iun: salts could ne prepared by t h e s e  methods, t h e  r e a c t i o n  of e t h y l  N-fluoro-N- 
lcethylcarbamate wi'th s u l f u r i c  ac id  was  s tud ied .  
F19 nmr spectrum of t h e  s u l f u r i c  ac id  s o l u t i o n  cons is ted  of a n  incompletely resolved 
t r i p l e t  of  q u a r t e t s  a t  -29.5 ppm ( e x t e r n a l  t r i f l u o r o a c e t i c  a c i d  r e f e r e n c e ) ,  with 
coupl ing constants  of  42 cps t o  t h e  NH2 and 28 cps t o  t h e  methyl. 

Gas was evolved at 85 t o  95'. The 

A s u l f u r i c  ac id  s o l u t i o n  prepared i n  t h i s  manner r e a c t e d  with cyclohexanone and 
water  t o  give N-methylcaprolactam. 

These r e a c t i o n s  are analogous t o  those  of  t h e  unsubs t i tu ted  fluorocarbamates 
and i n d i c a t e  broad a p p l i c a b i l i t y  of t h e  s y n t h e s i s  methods. 
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