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THE PREPARATION OF METHANEPHOSPHONn CHLOROFLUORIDE 

I. OBJECT. 

The work reported herein was undertaken under 
Project 4-08-03-005, Agents of the G Series, in connection 
with an investigation of the mechanism of  the fifth step 
of  the GB synthesis. This involved, among other things, 
a study of the formation and properties of. methanephosphonyl 
chlorofluoride which might be a possible intermediate in the 
GB synthesis. 

If 0 HISTORICAL. 

The mechanism of  the fifth step of the GB synthesis 
proposed by the German investigators in which the dichloride 
of the di-di mixture reacts with isopropanol with formation o f  
chloro-GB, simultaneously with the reaction of the difluoride 
and isopropanol with formation of GB and HF, with the latter 
product converKng the chloro-GB to OB, seems doubtful since 
it has been reported that the rate of  reaction of difluoride 
with Isopropanol is extremely slow. Among the possible pos- 
tulations of  various tses of mechanisms of the fifth step 
are two which involve the intermediate formation of methane- 
phosphonyl chlorofluoride. The following two sequences of 
equations may serve to illustrate the postulated mechanisms: 

lea. CH3POC12 + (CH3)2CROH CH3PO(Cl)OCH(CH3)2 + HC1 

b. CH3PO(Cl)OCH(CH3)2 + CH3POF2 CH3PO(F)oC~(~~3h 

+ CH3POClF 

c. CH3POC1F + (CHS)~CHOH CH~PO(F)CCH(CH~)~ 

+ HC1 



.-  

Because of t h e s e  c o n s i d e r a t i o n s ,  i t  was of  i n t e r e s t  
Co i n v e s t i g a t e  t h e  s y n t h e s i s  of  t h o  h y o o t h e t i c a l  i n t e rmed ia t e  
CH3POC1F, and t o  determine i t s  chemical  and p h y s i c a l  p r o p e r t i e s .  
However, i t  was r e a l i z e d  t h a t  i t s  s y n t h e s i s  and i t s  r e a c t i o n  
wi th  isopropano1,according t o  equa t ion  2,would by no means 
prove t h a t  t h e  f i f t h  s t e p  a c t u a l l y  invo lves  i t 9  i n t e r m e d i a t e  
format ion  accord in?  t o  e i t h e r  one of t h e  two p o s s i b i l i t i e s  
o u t l i r e d  abcve, bu t  would i n d i c a t e  t h e  p o s s i b i l i t i e s  of i t s  
being an  Fnt-rmedrata i n  t h e  f i f t h  s t e p  r e a c t i o n s .  

111. EXPERIMENTAL. 

The methanephosphonyl d i c h l o r i d e ,  d i f l u o r i d e ,  ar.d 
GB used i n  t h i s  work w a s  ob ta ined  from the  P i h t  P l a n t  of t h e  
P l a n t s  D iv i s ion  or Process  Laboratory of  t h e  Chemical D i v i s i o n ,  

A D  P r e u a r a t i o n  of Methanephosphonyl Ch lo ro f luo r j  de e 

PLant GB was hea ted  i n  a 3-1. round-bottom 
f l a s k ,  eq'uipped w i t h  a r e f l u x  condenser surmounted by a g l a s s  
tube  ex tendinq  d i r e c t l y  i n t o  t h e  exhaust  t r a c t .  The p o t  
temperature  rose t o  160' a t  whichpoin t  gas e v o l u t i o n  began. 
The tempera ture  t h e n  drooped t o  145", remained c o n s t a n t  as 
long  a s  ?as was evolved,  and f i n a l l y  began t o  r i s e  g r a d u a l l y .  
A t  180" t h e  heatin,? was s topped and t h e  s l i q h t l y  yellow- 
brown co lo red  r e s i d u e  of crude methanefluorophosphonlc a c i d  
cooled t o  room temperature  f o r  f u r t h e r  r e a c t i o n  with t h i o n y l  
c h l o r i d e .  

To 438.5 of c rude  methanefluorophosphonic 
a c i d  was added 500 ?.,of t h i o n y l  c h l o r i d e  (c.p.1 i n  one p o r t i o n  
nnd  t h e  mixture  r e f l u x g d  f o r  6 hours u n t i l  t h e  tempera ture  
rose t o  80'. Another 50 9. of t h i o n y l  c h l o r i d e  was t h e h  added . 
a n d  t h e  mixture  hea ted  f o r  ano the r  3 hours du r ing  which t h e  
p o t  t e n p e r a t u r e  f i n a l l y  reached  127'. D i s t i l l a t i o n  of the 
M i o n  product  th rouqh a 15 cm. column packed w i t h  h e l i c e s  
at, 68 mm. p r e s s u r e  y i e l d e d  389 4 .  of  crude c h l o r o f l u o r i d e  
b o i l i n g  a t  52-67*. The product  wes r e d i s t i l l e d  through a 
30 cm,, hel ix-packed column, t o  y i e l d  240 R. of a c o n s t a n t l y  
S o i l i n s  f r a c t i o n  a t  41e and 30 mm. p r e s su re .  

Determinat ion o f  i o n i c  f l u o r i n e :  

For CH3POC1F c a l c .  0%; found, 1.77% 

Eased on this a n a l y s i s  t h e  produce c o n t a i n s  
9 ,3$ of mthans3ho,*?honvl  d i f l u o r i d e ,  i f  t h e  i o n i c  f l u o r i n e  
i s  c a l c ? i l a t e d  as s m h .  

. 
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The d i s t q - b t e  was s o l i d i f i e d  by c o o l i n g  w i t h  

a d ry  ice-ace tone  b a t h  and s lowly  thawed. 
l i q u i d  a t  -23' was f i l t e r e d  from t h e  c r y s t a l  s ludge ,  and t h e  
c u t  of t h e  f i l t e r  r e s i d u e  me l t inq  a t  -23' t o  -19O s e p a r a t e d  
by f i l t r a t i o n .  The r e s i d u e  me l t ing  above -19' was d i sca rded .  
Determinat ion of  i o n i c  f l u o r i n e  i n  t h e  f r a c t i o n  me l t ing  a t  
-23' t o  -19' sh3wed a c o n t e n t  of 1.565 F'. Since  .? rac t iona l  
c r y s t a l l i z a t i o n  d i d  n o t  lower t h e  d i f l u o r i d e  c o n t e n t  markedly, 
190 4. of t h e  r e c r y s t a l l i z e d  product  was r e d i s t i l l e d  tnrough 
t h e  30 cm. column q i v i n g  127 g. of d i s t i l l a t e  a t  34-35' 
and 1 4  mm. p r e s s u r e .  

The p a r t  which was 

Determinat ion of  i o n i c  f l u o r i n e :  found 0.5%. 

The con ten t  of  0.5% F' corresponds t o  2.7% of methanephosphonyl 
d i f  l u o r i d e  

prepared  as d e s c r i b e d  above, b u t  p u r i f i e d  only  by r e p e a t e d  
d i s t i l l a t i o n  under  reduced p e s s u r e , g a v e  t h e  f o l l o w i n g  va lues :  

C HsPOC 1F Calcu la t ed  Found 

Analys is  of  another  sample of c t l o r o f l u o r i d e  

- 
C 1  
T o t a l  F 
I o n i c  F 

30.44 30.45 
16.31 z6.47 
0 0.87 

Yields  sf 72-82$ of crude CH3POCW, b.p. 120-144', were obta ined  
i n  a l a r g s  number of  va r ious  runs .  The b o i l i n g  p o i n t  a t  
a tmospheric  prevsure  of t h e  uure  compound is 126.0-126.5'. 

B. Determinat ion of  D i sp ropor t iona t ion  of Methane- 
phosphonyl Chl o r o f l u o r i d e .  

Samples of  approximately 0.40  4 .  of methane- 
phosphonyl c h l o r o f l u o r i d e  hav ins  an i o n i c  f l u o r i n e  con ten t  
of 0,835 were bulbed, weighed, and keot  i n  a the rmos ta t  a t  
60 0.5' f o r  va r ious  p e r i o d s  of t ime. The samples ,  re- 
moved frrm t h e  the rmos ta t ,  were cooled  i n  i c e  water  and 
i m e d i a t o l y  t i t r a t e d  f o r  i o n i c  f l  . The ob ta ined  va lues  
a r e  l i s t e d  in Table  1 i n  column 4 g i v e s  the  per -  
c e n t a t p s  of  d i f l u o r i d e  p r e s e n t  product  as c a l c u l a t e d  
from the  va lues  i n  column 

..' h' 1. 
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Table  1 

Analys is  of Samples of Methanephosphonyl Ch lo ro f luo r ide  

1 2 3 4 
Samole No, Time I o n i c  F D i f l u o r i d e  

hr P % 

1 0 0.83 4 -37 
2 3.25 1.63 8.58 
3 20.25 1.78 9.37 
4 48.5 1.87 9.84 
5 70 2.11 11.11 

C. P u r i f i c a t i o n  of Methanephosphonyl D i f l u o r i d e  

Methanephosphonyl d i f l u o r i d e  obta ined  from t h e  
P i l o t  P l a n t  was d i s t i l l e d  through 4 0  cm., h e l i x  packed column, 
of 12 nun. d iamets r .  The f r a c t i o n  b o i l i n g  a t  98-98.5' was 
s t i r r e d  a t  room temperature  f o r  24 hours with 5% by weight of 
dry,  powdered sodium f l u o r i d e .  The d i f l u o r i d e  was t h e n  d i s -  
t i l l e d  a t  low p r e s s u r e  wi thout  removing t h e  NaF, i n  o r d e r  t o  
avoid  exposure t o  t h e  atmosphere, and wi thout  apply ing  h e a t  
t o  t h e  d i s t i l l a t i o n  f l a s k .  The d i f l u o r i d e  was condensed i n  
R r e c e i v e r  by coo l ing  w i t h  d ry  i c e  acetone.  
of i o n i c  f l u o r i n e  and a c i d i t y  proved it  t o  be p u r e r  t h a n  any 
o t h e r  sample of d i f l u o r i d e  p u r i f i e d  i n  d i f f e r e n t  manner. 

Determinat ion 

Analysis  : C a l c u l a t e d  Found 

I o n i c  F 18.99 19.16 
7 7  

Acid i ty  ( c a l c .  as  100 100.18 
CHsPOFz) 

D. Determinat ion of  I o n i c  F l u o r i n e  i n  Pure D l - D i  
N ix tu re .  

The methanephosohonyl d:chlo'ride used i n  t h i s  
run  was p u r i f i e d  by f r a c t i o n a t i o n  throuqh a 40 cm., h e l i x  
packed hea ted  column, a t  a r e f i u x  r a t i o  of  10:l. A c u t ,  
c o n s t a n t l y  bol l inK a t  160°, was c o l l e c t e d  as pure  d i c h l o r i d e .  

A n  equimolar mixture  of pure methanephosphonyl 
d i c h l o r i d e  and d i f ' luor ide  was prepared  and i ts  con ten t  of 
i o n i c  f l u o r i n e  determined over  a p e r i o d  of 96 hours  a t  room 
temperature .  The va lues  ob ta ined  a r e  l i s t e d  i n  Table  2. 

SIC 
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Table 2 

Analys is  of Samples of D i - D i  Mixture 

Time 
- F K  

I o n i c  F 
7 

1 9.37 
4 9.32 

24 9.34 
96 9.02 

IV 0 DISCUSSION. 

Methanephosphonyl c h l o r o f l u o r i d e  c a n  e a s i l y  be 
p repa red  i n  f a i r  y i e l d s  by c h l o r i n a t i o n  of methanefluoro-  
phosphonic a c i d  with t h i o n y l  c h l o r i d e  under  reflux. Yie lds  
of 80% of crude  c h l o r o f l u o r i d e  have been ob ta ined  f r e q u e n t l y .  

It has been observed t h a t  the c h l o r o f l u o r i d e  has a 
pronounced tendency t o  d i s p r o p o r t i o n a t e  accor&,.ig t o  t h e  
equet ion ,  

2CH3P0C1F ---j CH3PCClz + CH3POF2 

i n t o  d i c h l o r i d e  and d i f l u o r i d e  when r e f l u x e d  a t  a tmospheric  
pre-. This makes i t  imposs ib le  t o  f r a c t i o n a t e  t h e  ch lo ro -  
f l u o i i d e  through long  columns a t  atmospheric p r e s s u r e .  It  i s  
a d v i s a b l e  t o  use s h o r t  columns not  longer  t h a n  15 cm., and 
c a r r y  out  t h e  f r a c t i o n a t i o n  under reduced D?eSSUre. A product  
p u r i f i e d  i n - t h i s  manner w i l l  always c o n t a i n  a s m a l l  pe rcen tage  
of d i f l u o r i d e .  The p u r e s t  product  ob ta ined  dur ing  t h i s  work 
had a d i f l u o r i d e  con ten t  of 2.7% and was s u f f i c i e n t l y  pure for 
f u r t h e r  r e a c t i o n s .  

The d i s p r o p o r t i o n a t i o n  of t h e  c h l o r o f l u o r i d e  a t  
60' w a s  fo l lowed over  a p e r i o d  of 70 hours by de te rmina t ion  
of t h e  i o n i c  f l u o r i n e  c o n t e n t . '  Under t h e  condi t ior is  of t h e  
a n a l y s i s  t h e  P-F l i n k a g e  i n  the  c h l o r o f l u o r i d e  is  s t a b l e  
towards h y d r o l y s i s ,  behaving l i k e  t h e  second P-F l i n k a g e  i n  
t h e  d i f l u o r i d e .  Hence, any d i s p r o p o r t i o n a t i o n  t o  d i f l u o r i d e  
and d i c h l o r i d e  w i l l  r e s u l t  i n  t h e  format ion  of a hydro lyzable  
P-F bond, and can  be fo l lowed by t h e  i n c r e a s e  of i o n i c  f l u o r i n e  
i n  t h e  c h l o r o f l u o r i d e .  The va lues  i n  Table 1 show t h a t  over  
a p e r i o d  of 70 hours  t h e  i o n i c  f l u o r i n e  c o n t e n t  i n c r e a s e s  1.28$, 
corresponding  t o  an  i n c r e a s e  o f  6.74% i n  d i f l u o r i d e  c o n t e n t .  



The preser.. pilot plant process for the production 
of di-di mixture consists in fluorination of methanephosphonyl 
dichloride with 1 mol of anhydrous HF; the resulting di-di 
mlxture appears not to contain methanephosphonyl chlorofluoride. 
Since the chlorofluoride does not. or at least only to a 
small extent, disproportionate at the temperatures applied 
during the fluorination process, it must be assumed that the 
slow disproportionation is catalyzed by anhydrous HF. or 
that the fluorination of a group'takes place at a , C 1  -P 

-* P 
rate severai orders of magnitude faster than that of a -PCi2 
grouping 

The first assum$tion that the disproportionation 
is catalyzed by HF finds a'parallel in the fluorination of 
the much more resistant - C C l 3  and CHF2 groups with anhydrous 
HF which has been investigated thoroughly by Whalley (J. 
Soc, Chem. Ind., 66, 427-430, 430-433 (1947) ;  67, 331-333 
(1948) )  AliphatE compounds such as CH$X13,7H$l-CC13, 
CHg*CHCl2 etc. can be converted to the monofluorides under 
suitable conditions with HF (catalyzed by SnCl4 o r  uncatalyzed) 
in good yields. If, howevdr, the reaction is carried out with 
antimony pentachloride as catalyst no monofluoride is obtained, 
but fluorination proceeds to the di o r  trifluoride stsge, 
respectively. Whalley concludes from his observations that 
in the pclyfluorinat!on the actual r o l e  of the antimony 
catalyst is twofold. First, it seems to act as a true 
catalyst and serves the purpose of homoqenizing the immiscible 
halohydrocarbon and HF, Second, it provides a suitable medium 
for the disproportionation of the monofluoride according to 
the equation: 

2RRgCClF + RS'CF2 + RR'CC12 

Drawing a parallel between the fluorination of -PC1 and>CC12 
groupings, it is obvious that the former proceeds wfth extreme 
ease. Hence, it is possible that the disproportionation of 
-PClF to -PC12 and -PF2 does not require as active a catalyst 
as pentavalent antimony, but is effected by HF, the fluorinating 
agent itself 

The possibility of a reversibility of the dls- 
proportionation reaction of methanephosphonyl chlorofluoride 
is by no mean3 excluded. Since the present pilot plant process 
for the di-di mixture consists in fluorination o f  methane- 

6 
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phosphonyl c h l o r i d e  w i t h  one e q u i v a l e n t  of anhydrous HF, an  
e q u i l i b r i u m  format ion  of t h e  c h l o r o f l u o r i d e  w i l l  r e s u l t  i n  a 
dec rease  of t h e  i o n i c  f l u o r i n e  c o n t e n t  below t h e  t h e o r e t i c a l  
va lue  for t h e  d i - d i  mixture .  Therefore ,  t h e  va lues  for i o n i c  
f l u o r i n e  i n  a d i - d i  mix ture  f - e sh ly  prepared  from t h e  p u r i f i e d  
components were determined over  a p e r i o d  of 96 hours .  The 
va lues  ob ta ined  a r e  l i s t e d  i n  Table  2. The change i n  i o n i c  
f l u o r i n e  c o n t e n t  du r ing  t h e  f i r s t  24 hours  is  w i t h i n  the  
l i m i t s  of  exper imenta l  error. A f t e r  96 hours  a dec rease  of 
0.35% of F- was observed corresponding t o  about 1% r e a c t i o n  
accord ing  t o  

CH3POF2 + CH3??OC12 2CHaPOC 1F. 

The on ly  conc lus ion  t o  be drawn from t h i s  r e s u l t  i s  t h e  
p o s s i b i l i t y  o f  c h l o r o f l u o r i d e  fo rma t ion  t o  a small e x t e n t  w i t h  
t h e  e q u i l i b r i u m  almost  e x c l u s i v e l y  i n  favor of  t h e  d i - d i  mixture .  
Th i s ,  however, does n o t  exclude a mechanism of t h e  f i f t h  s t e p  
a s  i l l u s t i - a t e d  by equa t ions  1 and 2. A determina t ion  of t he  
r a t e  of r e a c t i o n  of t h e  f i f t h  s t e p  miQht b e . h e l p f u 1  i n  
e l imina t inQ the  German nechanism and /o r  mechanisms 1 and 2 
( s e e  H i s t o r i c a l  s e c t i o n )  from t h e  l i s t  of t h e o r e t i c a l l y  
p o s s i b l e  r o u t b s .  The o v e r a l l  r a t e  of t h e  German p rocess  would 
be determined by t h e  s lowes t  one o f  t h e  t h r e e  s t e p s , a l l  of  
which can  be determined s i n g l y .  The same c o n s i d s r a t i o n  
holds  for t he  proposed mechanisms 1 and 2. P r e l i m i n a r y  ex-  
per iments  i n d i c a t e  t h a t  r e a c t i o n  lo (=2b)  i s  r a t h e r  rapid,  
whereas lb is  ext remely  slow, i f  i t  occurs  a t  a l l ;  t h i s  
l e a v e s  l a  as rate determining s t e p .  Mechanism 2 appears  t o  
be excluded due t o  t h e  s l o w  r a t e  of s t e p  2a a s  compared t o  t h e  
r a p i d  format ion  of GB from t h e  d i - d i  mix ture .  

format ion  from d i - d i  mix ture  by c a l o r i m e t r i c  measurements have 
been c a r r i e d  o u t , l n  t l ie meantirne,by P h y s i c a l  Branch and seem 
t o  i n d i c a t e  a hieher. o r d e r  of r e a c t i o n ,  f u r t h e r  work i n  t h e  
i n d i c a t e d  d i r e c t i o n  has  been d iscont inued .  

Since de t e rmina t ions  of t h e  rate of r e a c t i o n  of GB 

V .  SUMMARY. 

Methanephosphonyl c h l o r o f l u o r i d e ,  b.p. 126.0- 
41°, has  been prepared  i n  good y i e l d  by c h l o r i n a t i o n  so 126.5O, b 

of crude  f uorophosphonic a c i d  w i t h  t h i o n y l  c h l o r l d e ,  and 
i t s  r a t e  of d i s p r o p o r t i o n a t i o n  a t  60° has been determined. 

Two p o s t u l a t e d  mechanisms for the  f i f t h  s t e p  of 
t h e  GB s y n t h e s i s  and t h e  mechanism proposed by t h e  German 
i n v e s t i q a t o r s  aopear  t o  be improbable on account of t h e  da t a  
ob ta ined  durinq t h i s  i n v e s t i q ~ t ! q n .  
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