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SYNTHESIS AND PURIFICATION OF METHYL-I3C FLUORIDE* 

I s a a c  Cohent, J a n  Shulman, Anthony Popowicz, and Takanobu I s h i d a  
Department of Chemistry, S t a t e  Un ive r s i ty  of N e w  York, Stony 
Brook, N.Y. ,  11794, U.S.A. 

SUMMARY 

A 20 mmole q u a n t i t y  of methyl-I3C f l u o r i d e  a t  a 13C-enrich- 
ment l e v e l  of 90% w a s  prepared by a two-step s y n t h e s i s  s t a r t i n g  
wi th  r n e t h a n ~ l - ~ ~ C .  The o v e r a l l  y i e l d  w a s  60% of methanol used. 
A series of gas-chromatographic t r ea tmen t s  using A s c a r i t e ,  
s i l i c a  g e l ,  and Chromosorb-102 columns y i e lded  a h i g h l y  pu r i -  
f i e d  methyl f l u o r i d e  i n  which t h e  major i m p u r i t i e s  were less 
than 1 0  p a r t s  p e r  m i l l i o n  of carbon d i o x i d e  and 1 0  p a r t s  pe r  
m i l l i o n  of methyl c h l o r i d e .  

Methyl f l u o r i d e ,  carbon-13, methyl p - t ~ l u e n e s u l f o n a t e - ~ ~ C  Key Words: 

INTRODUCTION 

Methyl f l u o r i d e  has  been prepared i n  low y i e l d s  (below 60%) from methane , 

methyl iodide"),  and methyl c h l o r i d e ( 3 )  by chemical and e l ec t rochemica l  methods. 

P r e p a r a t i o n s  w i t h  h ighe r  y i e l d s  have been r epor t ed ,  which used methyl formate , 

methyl potassium s u l f a t e ( 5 ) ,  t e t r a m e t h y l s i l a n e f 6 ) ,  and methoxyamine hydro- 

c h l o r i d e ( 7 )  a s  s t a r t i n g  m a t e r i a l s .  

(1) 

f 4 )  

These a r e ,  however, no t  s u i t a b l e  f o r  a syn- 
.- 

t h e s i s  of "C-labelled methyl f l u o r i d e .  

The method used i n  our  s y n t h e s i s  i s  based on, and r e p r e s e n t s  an  improvement 

(9'10), P a t t i s o n  (11) , o f ,  t h e  procedures  of P a t t e r s o n  and Frew") , Edge11 and P a r t s  

and Tipson'''). 

r eac t ed ,  a t  low temperature ,  w i t h  p - to luenesu l fony l  c h l o r i d e  ( t o s y l  c h l o r i d e )  i n  

t h e  presence of p y r i d i n e  t o  produce methyl t o s y l a t e .  The methyl t o s y l a t e  is  then  

r eac t ed  wi th  potassium f l u o r i d e  a t  reduced p r e s s u r e  t o  form gaseous methyl 
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f l u o r i d e :  

p y r i d i n e  
p-CH C H SO OCH3 (1) 3 6 4  2 CH30H + p-CH C H SO C 1  

-42°C 3 6 4  2 

1 5 0  t o r r  

230°C 
p-CH3C6H4S020CH3 + KF - CH3F ( g a s )  + [p-CH3C6H4S03]-K+ (2) 

The y i e l d  r e p o r t e d  f o r  S t e p  (1) v a r i e s  be tween 85% and 99% on t h e  b a s i s  of  t h e  

amount of methanol  u s e d ,  w h i l e  t h e  y i e l d  f o r  S t e p  (2) t y p i c a l l y  i s  65%.  

The s y n t h e s i s  of s u l f o n i c  esters f rom t h e  r e a c t i o n  of  a l c o h o l s  and  s u l f o n y l  

c h l o r i d e s  h a s  been  s t u d i e d  i n  t h e  a b s e n c e  of  so lvent (13)  and  i n  v a r i o u s  b a s e s  

(14-17), sodium c a r b o n a t e  (18-19),  d i e t h y l a n i l i n e  (19)  , such as sodium h y d r o x i d e  

2 , 6 - d i m e t h y l p y r i d i n e  ( 2 , 6 - l u t i d i n e )  ( '),  and  pyr id ine(8-12) ,  b u t  h i g h  y i e l d s  have  

been  r e p o r t e d  o n l y  when t h e  e s t e r i f i c a t i o n  w a s  r u n  i n  a n  o r g a n i c  s o l v e n t .  For  

t h e  p u r p o s e  of m i n i m i z i n g  t h e  amount of  I 3 C - l a b e l l e d  a l c o h o l  r e q u i r e d ,  p y r i d i n e  

seemed b e s t  s u i t e d  as t h e  s o l v e n t  f o r  R e a c t i o n  (1). 
brium i n  f a v o r  of  t h e  t o s y l a t e  by removing H C 1 .  The r a t e - d e t e r m i n i n g  s t e p  i s  

b e l i e v e d  t o  b e  t h e  f o r m a t i o n  of p - t o l u e n e s u l f o n y l  p y r i d i n i u m  c h l o r i d e ,  t h e  

l a t t e r  s u b s e q u e n t l y  b e i n g  a t t a c k e d  n u c l e o p h i l i c a l l y  by t h e  a l c o h o l  t o  p r o d u c e  

m e t h y l  t o s y l a t e .  S i n c e  t h e  l a b e l l e d  methanol  is  n o t  i n v o l v e d  i n  t h e  r a t e - d e t e r -  

min ing  s t e p ,  S t e p  (1) w i l l  n o t  c a u s e  any  s i g n i f i c a n t  i s o t o p e  f r a c t i o n a t i o n .  U s e  

o f  2 , 6 - l u t i d i n e  i n  t h e  p l a c e  of  p y r i d i n e  c a u s e s  a marked d e c r e a s e  i n  t h e  ra te  of 

t o s y l a t e  f ~ r m a t i o n ' ~ ) ,  and  t h i s  c a n  b e  viewed as e v i d e n c e  s u p p o r t i n g  t h e  mecha- 

nism ment ioned  above:  One would e x p e c t  f o r m a t i o n  of  t h e  complex by 2 , 6 - l u t i d i n e  

t o  b e  s t e r i c a l l y  h i n d e r e d .  

P y r i d i n e  s h i f t s  t h e  e q u i l i -  

A s  t h e  c o n c e n t r a t i o n  of m e t h y l  t o s y l a t e  i n c r e a s e s ,  t h e  r e a c t i o n  of  t h i s  

p r o d u c t  w i t h  a d d i t i o n a l  p y r i d i n e  t o  form m e t h y l p y r i d i n i u m  p - t o l u e n e s u l f o n a t e  

would become s i g n i f  i c a n t ( 2 0 y 2 1 )  : 

(3) p-CH C H SO OCH + C5H5N-[C H N:CH3] + [p-CH3C6H4S03]- 
3 6 4  2 3 5 5  

Subambient t e m p e r a t u r e s  h a v e  been  u s e d  t o  m i n i m i z e  t h i s  s i d e  r e a c t i o n ( 2 2 ) .  The 

optimum t e m p e r a t u r e s  f o r  t h e  b e s t  y i e l d  of  m e t h y l  t o s y l a t e  h a v e  b e e n  r e p o r t e d  t o  

b e  between -4O'C and  -44°C. 

c r y s t a l l i z e s  o u t  of  s o l u t i o n ,  r e d u c i n g  t h e  m e t h y l  t o s y l a t e  y i e l d .  

Below t h i s  t e m p e r a t u r e  r a n g e  t o s y l  c h l o r i d e  
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EXPEBIPENTAL 

The s y n t h e s i s  of methyl t o s y l a t e  w a s  c a r r i e d  o u t  i n  a 500 m l  round-bottomed 

f l a s k  f i t t e d  wi th  a Teflon-coated s t i r r i n g  rod .  

maintained by a Dry I c e / a c e t o n e  s l u r r y  b a t h  and monitored by using a copper-con- 

s t a n t a n  thermocouple. Spectrophotometr ic  grade t o s y l  c h l o r i d e  w a s  purchased from 

Ald r i ch  Chemical Co., and p y r i d i n e  was p u r i f i e d  by s t o r a g e  ove r  potassium 

hydroxide p e l l e t s  and d i s t i l l e d  over  anhydrous potassium ca rbona te  immediately 

b e f o r e  use.  

The temperature  of -4O'C was 

Approximately 100 mmoles of methanol-I3C was mixed wi th  1 2 0 ~ 1 3 0  mmoles of 

t o s y l  c h l o r i d e  i n  t h e  r e a c t i o n  v e s s e l  maintained a t  -40°C t o  -45°C. 

m l  of p y r i d i n e  was then  added s lowly ove r  a pe r iod  of two hours  wh i l e  providing 

r a p i d  s t i r r i n g .  

completion of t h e  a d d i t i o n  of p y r i d i n e .  

w i t h  300 m l  of ice-cold 5N-H2S04. 

maintained below 2OoC dur ing  t h e  n e u t r a l i z a t i o n .  

t o s y l a t e  w a s  vacuum-fi l tered and s t o r e d  i n  a co ld  c h e s t  of Dry I c e  t o  prevent  

decomposition. 

(89.7 mmoles) of methyl t ~ s y l a t e - ' ~ C  were recovered,  which corresponds t o  a 

y i e l d  of 99%. The in f r a - r ed  spectrum of t h e  product  i n  carbon t e t r a c h l o r i d e  

(23)  compared w e l l  t o  a s t anda rd  spectrum . 

About 8 5 ~ 9 0  

The s t i r r i n g  a t  -44OC was cont inued f o r  one more hour a f t e r  t h e  

Excess p y r i d i n e  was then  n e u t r a l i z e d  

The temperature  of t h e  product  mixture  w a s  

The c r y s t a l l i z e d  methyl 

S t a r t i n g  wi th  3.0 grams (91  mmoles) of I3CH OH, 16 .8  grams 3 

The appa ra tus  used f o r  t h e  s y n t h e s i s  of methyl f l u o r i d e  from methyl t o s y l a t e  

i s  shown i n  F igu re  1. The i n t e r n a l  p r e s s u r e  of t h e  system was maintained a t  

about  150 t o r r  by bleeding t h e  gaseous product through a need le  v a l v e  i n t o  a 

series of t r a p s  which are connected t o  a mechanical pump a t  t h e  o t h e r  end. About 

22 mmoles of methyl t o s y l a t e  w e r e  mixed wi th  approximately 50 mmoles of anhydrous 

potassium f l u o r i d e  i n  t h e  r e a c t i o n  f l a s k ,  which was heated t o  and maintained a t  

230°C f o r  seven hours.  The bu lk  of t h e  product  was formed dur ing  t h e  f i r s t  one 

and ha l f  hours .  Methyl f l u o r i d e  w a s  t rapped a t  l i q u i d  n i t r o g e n  temperature .  

Bulb-to-bulb d i s t i l l a t i o n  w a s  performed s e v e r a l  t i m e s  t o  remove t h e  bu lk  of very 

high-boi l ing and very low-boiling i m p u r i t i e s .  

t h r e e  runs  were as fol lows:  I n  Run No. 1, 4.10 grams (21.9 mmoles) of methyl 

t ~ s y l a t e - ' ~ C  (MeTs) produced 13.8 mmoles of I3CH3F, a s  determined from t h e  

The y i e l d s  of I'CH3F ob ta ined  i n  
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To 
Vacuum + 

Figure  1. Apparatus f o r  s y n t h e s i s  o f  methyl f l u o r i d e :  

RF = React ion f l a s k ;  G1 and G2 = Diaphragm gauges; NV = Needle va lve ;  
T 1  = S i l i c a  g e l  t ube ;  T2 = Dry Ice-acetone t r a p ;  T 3  = A s c a r i t e  tube;  
T4 = Liquid n i t r o g e n  t r a p ;  SH = Product  sample ho lde r .  

p r e s s u r e  i n  a known volume and t h e  i d e a l  g a s  law. Th i s  corresponds t o  a y i e l d  

of 63%. I n  Run N o .  2 ,  4.116 grams ( 2 2 . 0  m o l e s )  of MeTs produced 14.1 m o l e s  of 

t h e  product f o r  a y i e l d  of 6 4 % .  In Run No. 3 ,  4.163 grams ( 2 2 . 1  m o l e s )  of MeTs  

l e d  t o  9.82 moles  of t h e  product ,  which corresponds t o  a y i e l d  of 44%.  The low 

y i e l d  f o r  t h e  las t  run  i s  a t t r i b u t a b l e  t o  a d i f f i c u l t y  we experienced i n  con- 

t r o l l i n g  t h e  p r e s s u r e  i n  t h e  r e a c t i o n  f l a s k .  The average y i e l d  of t h e  f i r s t  two 

runs is  64%,  whi le  t h e  ave rage  of a l l  t h r e e  runs  is  57%. The i d e n t i t y  of t h e  

product was confirmed by I R  spectroscopy of t h e  gas .  

The o v e r a l l  y i e l d  f o r  t h e  combination of t h e  two s t e p s  was 60% of methanol 

used. The product  c o l l e c t e d  w a s  analyzed i n  a Perlein-Elmer Model 990 gas-chroma- 

tograph wi th  a s ix - foo t  column packed wi th  6 0 f 2 0 0  mesh s i l i c a  g e l  and maintained 

a t  100°C. The impuri- 

t ies w e r e  reduced t o  a l e v e l  below 10 ppm by a combination of t r ea tmen t s  w i th  

A s c a r i t e  and Chromosorb-102 columns and a p r e p a r a t i v e  gas-chromatographic 

procedure.  

It contained 1.5% carbon d iox ide  and 1% methyl c h l o r i d e .  

F i r s t ,  t h e  product of S t ep  (2) was passed t h r e e  times through a s h o r t  
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A s c a r i t e  t ube  (15 mm O . D .  x 60 cm), which w a s  condi t ioned by hea t ing  a t  150°C 

f o r  48 hours under vacuum. 

GCl G C 2  E F l  EF2 

Figure  2 .  P r e p a r a t i v e  Gas Chromatograph: 

G C C l  = G a s  chromatograph column, s h o r t ;  GCC2 = G a s  chromatograph 
column, long;  E C 1  and EC2 = E f f l u e n t  c o l l e c t o r  c o i l s ,  Pyrex; SH1 = 
Gas sample ho lde r ,  feed;  SH2 = Gas sample ho lde r ,  e f f l u e n t ;  WT = 
Wallace-Tiernan diaphragm gauge, 0-800 t o r r .  

The p r e p a r a t i v e  gas-chromatograph shown i n  F igu re  2 c o n s i s t e d  o f  two columns 

of 318 i nch  O.D.  copper tub ing  packed w i t h  s i l i c a  g e l ,  one being s i x  f o o t  long 

and t h e  o t h e r  of 20 f o o t  l e n g t h ,  twin e f f l u e n t  c o l l e c t o r  c o i l s ,  a helium flow 

c o n t r o l  system ( a  flow-meter, need le  v a l v e s ,  and a roughing pump), and a s e r v i c e  

high-vacuum l i n e .  Except f o r  t h e  chromatographic columns, which are capper ,  

and t h e  v a l v e s  a t t a c h e d  d i r e c t l y  t o  t h e  columns, which are made of s t a i n l e s s  

s teel ,  t h e  system w a s  cons t ruc t ed  e n t i r e l y  ou t  of Pyrex. 

used p r i m a r i l y  f o r  adsorbing t h e  i n p u t  gas ,  b u t  it a l s o  func t ioned  a s  a p re l imi -  

nary s e p a r a t o r .  The twin e f f l u e n t  c o l l e c t o r  w a s  designed t o  f a c i l i t a t e  t r a n s f e r  

of an  e f f l u e n t  f r a c t i o n  without  d i s t u r b i n g  t h e  flow of c a r r i e r  gas .  While a 

f r a c t i o n  w a s  t r a n s f e r r e d  from one of t h e  c o l l e c t o r  c o i l s  t o  a sample ho lde r ,  t h e  

next  f r a c t i o n  w a s  c o l l e c t e d  i n  t h e  o t h e r  c o i l .  A f t e r  t h e  t r a n s f e r  w a s  completed,  

t h e  f i r s t  c o i l  is  eyacuated and r ead ied  f o r  c o l l e c t i o n  of t h e  subsequent f r a c t i o n .  

The s h o r t  column w a s  

A p o r t i o n  of gaseous methyl f l u o r i d e  (500%1000 m l  NTP) which had been t r e a t e d  

by t h e  A s c a r i t e  column w a s  condensed on to  t h e  s h o r t  column submerged i n  l i q u i d  

n i t r o g e n .  The column was then r a p i d l y  warmed up t o  room temperature  by us ing  a 
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ho t  water  b a t h  around i t .  It is  f u r t h e r  heated t o  approximately 60°C by means 

of a hea t ing  mantle  t h a t  r ep laced  t h e  wa te r  b a t h .  Flow of c a r r i e r  g a s ,  helium, 

w a s  s t a r t e d  and maintained a t  about  20 ml/min through bo th  columns connected i n  

series. 

by a Tesla c o i l ,  which was c l e a r l y  d i s t i n g u i s h a b l e  from t h e  pink d i scha rge  of 

helium. The e f f l u e n t  f r a c t i o n s  were c o l l e c t e d  a l t e r n a t e l y  i n  one o r  t h e  o t h e r  

of t h e  two c o l l e c t o r  c o i l s  and t r a n s f e r r e d  t o  s e p a r a t e  sample h o l d e r s .  Twenty 

f i v e  f r a c t i o n s  were c o l l e c t e d  i n  seven hour s ,  and t h e  c o n t e n t s  of each sample 

ho lde r  were l a t e r  analyzed by t h e  a n a l y t i c a l  GC t o  determine t h e  l e v e l s  of 

i m p u r i t i e s .  The f r a c t i o n s  w i t h  a c c e p t a b l e  p u r i t y  l e v e l s  were then  combined. A t  

a y i e l d  of 70%, t h e  impuri ty  l e v e l  i n  t h e  p u r i f i e d ,  combined p o r t i o n  was 10 ppm 

f o r  CO 

Emergence of methyl f l u o r i d e  w a s  v i s u a l l y  d e t e c t e d  by a pu rp le  d i scha rge  

and 50 ppm f o r  C H 3 C l .  2 

The combined p o r t i o n  was then  passed ve ry  s lowly,  i . e . ,  two passes  i n  7 hours ,  

through a tube  packed wi th  Chromosorb-102 and maintained a t  -5O'C. 

t h e  methyl c h l o r i d e  l e v e l  down to less than  10 ppm. 

Th i s  brought 

Thus t h e  p u r i f i c a t i o n  procedure desc r ibed  above brought  t h e  l e v e l s  of a l l  

i m p u r i t i e s  below 10  p a r t s  p e r  m i l l i o n .  
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