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SUMMARY 

The synthes is  o f  [14C] methylphosphonic d i f l u o r i d e  i s  described. 
F i r s t ,  [14C]methyl i o d i d e  was used t o  ca ta l yse  t h e  conversion 
o f  t r i m e t h y l  phosphite t o  d imethy l  [14C]methylphosphonate by 
t h e  Arbusov reac t i on .  The d imethy l  methylphosphonate was then 
c h l o r i n a t e d  w i t h  PC15 and f l u o r i n a t e d  w i t h  SbFg. 
chemical y i e l d  from t h e  r e a c t i o n  was 25%. 

Radio- 
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INTRODUCTION 

Methylphosphonic d i f l u o r i d e  (OF) i s  an i n te rmed ia te  i n  t h e  format ion o f  

severa l  an t i cho l i nes te rases .  Product ion and s torage o f  OF could lead t o  t h e  

exposure o f  workers t o  f u g i t i v e  emissions. 

o f  OF (bp - 100OC) makes i n h a l a t i o n  a probable r o u t e  o f  exposure. 

absorpt ion,  d i s t r i b u t i o n ,  and e l i m i n a t i o n  o f  OF a f t e r  i n h a l a t i o n ,  rad io labe led  

OF was needed. 

p rev ious l y ,  a l though i t s  precursor, methylphosphonic d i c h l o r i d e  ( D C ) ,  has been 

32 14 synthesized w i t h  bo th  [ P I  and [ C ]  l a b e l s . l V 2  
14 

The r e l a t i v e l y  h igh  vapor pressure 

To study 

Synthesis o f  rad io labe led  DF has n o t  been described 

Synthesis us ing a [ C ]  l a b e l  i s  appeal ing because o f  t h e  a v a i l a b i l i t y  
14 

o f  [ 

reac t i on :  

Clmethyl i od ide ,  and t h e  p o s s i b i l i t y  o f  i n t r o d u c t i o n  w i t h  t h e  Arbusov 

( C H ~ O ) ~ P  + 1 4 ~ ~ 3 ~  ------> ( c H ~ o ) ~ P ( o )  14 C H ~  + 1 2 ~ ~ 3 ~  
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f o l l owed  by c h l o r i n a t i o n  o f  t h e  d imethy l  methylphosphonate w i t h  PC15: 

14 2 PC15 + (CH30)2P(D) 14 CH3 ------ > PCl2(0) CH3 + 2 P(0)Cl3 + 2 CH3 C1 

The methylphosphonic d i c h l o r i d e  i s  converted t o  t h e  d i f l u o r i d e  w i t h  SbF3: 

(3) 
14 14 CH3 + 2SbF3 + 3 PF2(0) 3 PCl2(0) CH3 + 2SbC13 

When severa l  grams o f  s t a r t i n g  m a t e r i a l  i s  used, reac t i ons  accord ing t o  

equations 1 and 2 proceed v i r t u a l l y  q u a n t i t a t i v e l y .  I n t r o d u c t i o n  o f  

rad io labeled a l k y l  groups by t h e  Arbusov r e a c t i o n  i n  a semimicro synthes is  has 

r e c e n t l y  been questioned on t h e  grounds t h a t  one o f  t h e  products, unlabeled 

L CH31. can compete f o r  a v a i l a b l e  t r i m e t h y l  phosphite (TMP). 

have successfu l ly  used t h i s  r e a c t i o n  f o r  t h e  i n t r o d u c t i o n  o f  t h e  l a b e l .  

However, we 

EXPERIMENTAL 

14 The rad io labe led  s t a r t i n g  m a t e r i a l  was 2.0 mCi o f  [ C ]  methyl i o d i d e  

purchased from New England Nuclear w i t h  a s p e c i f i c  a c t i v i t y  o f  40-60 

mCi/mmole. 

d i s t i l l a t i o n  and subl imat ion,  respec t i ve l y ,  immediately be fo re  use. Antimony 

t r i f l u o r i d e  was made from antimony t r i o x i d e  (F i she r )  and 50% aqueous HF. 

Excess aqueous HF was added t o  t h e  Sb203 and vaporized by heat ing.  The 

r e s u l t i n g  SbF3 was d r i e d  I n  an oven a t  180°C overn ight .  

standards. rnethylphosphonfluoridic a c i d  and methylphosphonic a c i d  were 

acquired by the  hyd ro l ys i s  o f  OF and cha rac te r i zed  by t h e i r  NMR spectra. 

p u r i f i c a t i o n s  were by vacuum l i n e  d i s t i l l a t i o n .  Proton, [ P I ,  and [ F ]  

NMR spect ra were obta ined us ing a Varian FT80A NMR Spectrometer. Gas phase I R  

spect ra were obtained us ing a Perk in  Elmer 2838. I o n  chromatography was 

performed us ing a Oionex Model 16 i o n  chromatograph. 

[ C ]  were determined us ing a Packard Model 460c l i q u i d  s c i n t i l l a t i o n  

counter. The automatic ex te rna l  standard method was used f o r  quench 

co r rec t i on .  

TMP and PC15 were obta ined f rom A ld r i ch .  and were p u r i f i e d  by 

For use as 

A l l  

31 19 

S p e c i f i c  a c t i v i t i e s  o f  
14 
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For syntheses using unlabeled materials, complete characterization of all 

intermediates was by NMR, IR, and vapor pressure measurements. 

product, DF, was characterized for the synthesis of [ C] labeled materials. 

Only the final 
14 

I' 4ClDimeth~l Methyl DhosDhonate 
The [14C]methyl iodide was (2.0 mCi) added to 7.0 m o l e s  of THP in a 

single-neck 100-ml round bottom flask. About 100 ~1 of unlabeled methyl 

iodide was used to rinse the [ C] methyl iodide container and was added in 

turn to the 100-ml flask. 

condenser, and the mixture was refluxed f o r  24 hrs with stirring by a magnetic 

stirrer. The reflux condenser was removed, and the product was heated to 4 5 O C  

to vaporize remaining methyl iodide. Trlal runs with unlabeled methyl iodide 

and TMP showed the yield of dimethyl methylphosphonate (DMMP) to be greater 

than 90% based on TMP. A small aliquot (1 r l )  was removed for determination 

of specific activity; the remainder was quantitatively used in the foilowing 
14 step. 

J14C1Methvl PhoSDhonic Dichloride 

14 

The flask was then equipped with an efficient 

The specific activfty of the [ CIDHHP was 0.24 mCi/mmole. 

14 To the [ CJDMMP was added 4.1 g (20 moles) PC15 incrementally over 5 

min. 

an oil bath at 60°C. 

1 hr and were transferred to a vacuum line. 

collected in two cryogenic traps. 

slush), effectively retained DC, but allowed passage of the reaction 

byproduct, phosphorus oxychloride (POC). 

nitrogen temperature, trapped the POC. 

A second distillation was performed to ensure the purity of DC. 

repurified DC readily crystallized in the trap. 

yields of DC were about 80%. 

114ClMethvl~hos~honic Difluoride 
14 

The flask was fitted with a drying tube, and the mixture was placed in 

The contents were stirred with a stirring bar for about 

The products of the reaction were 

The first, held at -24OC (dichlorobenzene 

The second trap, held at liquid 

Time for the distillation was 90 min. 

The 

With use of unlabeled DMMP, 

The above [ C]DC was quantitatively transferred under vacuum to a flask 

containing 3.2 g of SbF3. The mixture was carefully brought to atmospheric 



1184 W. E .  Bechtold and A .  R .  Dahl 

pressure by opening t h e  vacuum so t h a t  ou ts ide  a i r  f i r s t  passed through a 

l i q u i d  n i t rogen  t r a p .  

and hydro lyze t h e  h i g h l y  r e a c t i v e  DC. 

o i l  bath f o r  30 min. The vacuum l i n e  was c losed and evacuated, and the  

products were c o l l e c t e d  i n  th ree  t r a p s  h e l d  a t  -45°C (chlorobenzene), -65°C 

(CHC13), and -208°C ( l i q u i d  n i t r o g e n ) .  

-65°C t rap .  

se r ies  of t raps .  A t o t a l  o f  0.21 g o f  DF was co l l ec ted ,  w i t h  a s p e c i f i c  

a c t i v i t y  o f  0.24 mCi/mmole. f o r  an o v e r a l l  y i e l d  o f  30% and a radiochemical 

y i e l d  o f  = 25%. The I R  and NMR spect ra f rom unlabeled r e a c t i o n  products 

synthesized on t h e  same scale c o n s i s t e n t l y  matched those o f  standard samples 

o f  DF ( I R : u  P-F, 932 cm ; u P=O, 1335 cm-', NMR: JHdP, 19.8 Hz; 

JF-P* 

samples showed Only the  components o f  methy lphosphonf luor id ic  ac id ,  

methylphosphonic ac id ,  and f l u o r i d e .  a l l  products of hyd ro l ys i s  o f  DF. 

This ensured t h a t  mois ture i n  t h e  a i r  would n o t  pass t o  

The m ix tu re  was immersed i n t o  a 60°C 

A f t e r  30 min, t h e  DF remained i n  the  

The DF was f u r t h e r  p u r i f t e d  by r e d i s t i l l a t i o n  through the  same 

1 

1103 H z ) .  I o n  chromatography o f  t h e  h y d r o l y s i s  products o f  unlabeled 

DISCUSSION 

This communication describes a convenient three-step synthes is  o f  

[14Clmethylphosphonic d i f l u o r i d e .  

been described. 

easy i n t r o d u c t i o n  o f  a 14C-label by methyl i o d i d e  by t h e  Arbusov reac t i on .  

Recently, some quest ion has been ra i sed  concerning t h e  a p p l i c a b i l i t y  o f  t he  

Arbusov r e a c t i o n  i n  t h e  synthes is  o f  [ 

f o r m a l l y  c a t a l y t i c  when t h e  a l k y l  groups o f  both t h e  h a l i d e  and the  phosphite 

e s t e r  a re  the  same.2 Thus, t he  product  o f  t h e  reac t i on .  unlabeled methyl 

iod ide,  could i n  p r i n c i p l e .  compete w i t h  [ C ]  labeled m a t e r i a l  f o r  

a v a i l a b l e  t r i m e t h y l  phosphite. However, t h e  Arbusov r e a c t i o n  probably 

Several prev ious syntheses o f  DF have 
4-6 The scheme used here was chosen because i t  al lows the 

14 C ]  DC.' The Arbusov r e a c t i o n  i s  

14 

proceeds through a two-step mechanism: ' 

(RO)3P + R'Hal -------> (RO) PR'Hal 

(R0I3PR'Hal -------> R'P(0) + RHal 
3 
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Experimental evidence indicates that the second step 
I determining. As a result, virtually all of the origina 

1185 

is rate 

alkyl halide 

becomes incorporated to form the "quasi-phosphonium" compound, (RO) PR'Hal, 

before the generation of new alkyl halide, RHal.7 

of methyl iodide with triethyl phosphite quantitatively produces diethyl 

methylphos~honate.~ Our results are consistent with this mechanism, as a 

significant fraction of the [ Clmethyl iodide was incorporated. The 

reduction of radiochemical yield observed could be due to some competitive 

catalysis by unlabeled methyl iodide, but more likely was due to the loss of 

some of the volatile [ Clmethyl iodide in transfer to the reaction flask. 

3 
For example, the reaction 

14 

14 

Reaction of dialkyl phosphonates with chlorinating agents can sometimes 
2 lead to by-products that cannot be separated from the dichloride . The 

31P NMR spectra of the reaction products of  unlabeled DHMP with 2 molar 

equivalents o f  PC15 showed only peaks caused by DC and POC in the expected 

1:2 ratio. 

subsequent step, OF, has a boiling point close to that of POC (106" and 100°C. 

respectively). Yields o f  the reaction were slightly reduced in the process. 

The only other by-product of the reaction, chloromethane, has a boiling point 

much lower than DC (-24°C). and was thus quantitatively removed. 

The two were separated because the desired product of the 

Whereas the first two steps of our synthesis have been previously 

described, we are unaware of any report o f  the use of SbF as a fluorinating 

agent in the preparation of DF. 

agent for various other chlorophosphorus compounds. including ethylphosphonic 

dichloride.' The use of SbF3 in this synthesis offers one or more 

advantages over other fluorinating agents, including: 

3 
SbF3 has often been used as a fluorinating 

1 )  Because of its low vapor pressure (bp 3 7 6 " C ) ,  SbF3 is less 

hazardous than some volatile agents such as HF and AsF3. and only 

standard laboratory precautions are needed; 

SbF3 does not etch glass. 

reaction or purification; 

The reactant SbF3 and product SbC13 have boiling points that 

2) Thus, no special apparatus is needed for 

3)  
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d i f f e r  markedly from DF (376OC. 224OC. and 100°C r e s p e c t i v e l y ) .  This 

makes vacuum l i n e  d i s t i l l a t i o n  a convenient method f o r  p u r i f i c a t i o n .  

Extended per iods o f  exposure o f  SbF3 t o  h igh  vacuum showed no l o s s  

o f  m a t e r i a l .  

show some v o l a t i l i t y .  

t he  r e a c t i o n  products through a -45OC t r a p .  

During p u r i f i c a t i o n  o f  DF, t h e  SbC1, F(3-n) d i d  

This  m a t e r i a l  was e a s i l y  separated by passing 

A disadvantage of us ing SbF3 ins tead  o f  HF as a f l u o r i n a t i n g  agent i s  

reduced y i e l d s .  

q u a n t i t a t i v e  y i e l d s .  

c o n s i s t e n t l y  low (30-70%). The low y i e l d  may be due t o  a) absorpt ion o f  t h e  

DF t o  the  remaining SbF3 and SbC13, and b) w a l l  l oss  t o  t h e  vacuum 

d i s t i l l a t i o n  apparatus. 

Use o f  HF on t h e  gram scale as a f l u o r i n a t i n g  agent g ives 

I n  unlabeled syntheses us ing SbF3. y i e l d s  were 
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