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SUMMARY 

Sodium ~yanide- '~C has been prepared in 65-7G% overall y ie ld  

13 from carbon- 

through isopmpyl f ~ r n a t e - ' ~ C  and f~rnamide-'~C as intermediates. 

Several methods for the dehydration of fornamide have been 

inues t igated. 

C monoxide in a three-step synthesis proceeding 

INTRODUCI' ION 

We have required sodium cyanide-I3C in this Laboratory as a precursor for 

The methods [l] which have been incorporating carbon-13 into other molecules. 

utilized for preparing carbon-14 cyanide involve either (a) the high-temperature 

reaction between carbon dioxide o r  carbonate and ammonia, ammonium ion, o r  azide ion 

in the presence of metals such as sodium, potassium, and zinc or (b) the prepara- 

tion and cleavage of nitriles such as phenylacetonitrile o r  triphenylacetonitrile. 

The carbon dioxide-ammonia-metal reactions did not look attractive for larger- 

scale preparations. 

scale reactions, seemed somewhat laborious. More recently, syntheses of isotopic 

cyanide from methane and anrmonia [Z] or elemental carbon and ammonia 131 have been 

reported. 

The nitrile cleavage, while seemingly applicable to larger- 

* 

One synthetic pathway to sodium cyanide which appears not to have been applied 

to isotopic synthesis is the dehydration of formamide. 

*A synthesis of sodium cyanide-13C from methane-13C and ammonia has a l s o  been 
developed at this Laboratory and will be described in a future publication [ 4 ] .  
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Our investigations of this 
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reaction have shown both p to luenesul fonyl  chloride i n  pyridine and triphenyl- 

phosphine-carbon te t rachlor ide  t o  be su i t ab le  dehydration reagents,  

we a re  reporting a convenient two-step synthesis of f~rmamide-'~C from carbon- 

monoxide. 

In addition, 

13  C 

RESULTS AND DISCUSSION 

The reaction sequence fo r  the conversion of carbon-13C monoxide t o  hydrogen 

cyanide-13C is shown below: 

(CH3)2CHONa * 
*CO + (CH3)2CHOH t H COOCH(CH3)2 

H * C O O C H ( C H ~ ) ~  + m3 - H*CONHZ + (CH3)2CHOH 

* 
H*CONH2 + 2 Ph3P + CC14-H CN + Ph3P0 + Ph3P*HC1 + CHC13 

The reaction used fo r  preparing isopropyl f ~ r m a t e - ~ ~ C  is ac tua l ly  a ge Aera l  reac t ion  

i n  which an equilibrium is established between carbon monoxide, an alcohol,  and the  

corresponding a lkyl  formate i n  the  presence of t he  appropriate metal alkoxide. 

have prepared methyl and isopropyl formate i n  y ie lds  of approximately 90% under 

conditions ( i . e . ,  excess alcohol) which favor formation of t he  e s t e r .  Treatment of 

e i the r  of these crude reaction mixtures with ammonia yields formamide. 

formate was chosen becauee of i t s  lower v o l a t i l i t y  and the expectation tha t  the boi l -  

ing point difference between ester and alcohol (being greater f o r  isopropyl formate) 

would f a c i l i t a t e  i so la t ion  of the  pure ester. Subsequent work showed tha t  fractiona- 

t ion of the ester-alcohol mixture ( a f t e r  deionization t o  prevent retrograde decomposi- 

t i on  of the es te r )  gave an azeotropic mixture which w a s  E. 90% isopropyl formate and 

- ca. 10% isopropyl alcohol.  

W e  

Isopropyl 

The description of the carbon monoxide-isopropyl alcohol reaction presented 

i n  the experimental section u t i l i z e s  a mechanically s t i r r e d  autoclave, but we have 

found tha t  a s t a in l e s s  s t e e l  gas-sampling cylinder equipped with an i n l e t  valve and 

pressure gauge to  be a su i t ab le  and, i n  some cases, preferable reaction vesse l .  The 

reaction is  conveniently carried out by f i l l i n g  the  cylinder to  80-85% of its volume 

with a sodium isopropoxide-isopropyl alcohol solution and repeatedly pressuring the  

cylinder with carbon monoxide u n t i l  t he  desired uptake has been achieved. It has 



S&ntheses u i th  Stable ~ s o t o p e s :  % d i m  ~ u m i d e - ~ ~ ~  309 

a lso  been observed tha t  both the  posit ion of equilibrium and the  time required to  

reach tha t  equilibrium are profoundly affected by the  presence of water, and so the  

formate reaction must be carried out under anhydrous conditions. 

Animonolysis of the  crude isopropyl f ~ r m a t e - ~ ~ c  reaction mixture y ie lds  form- 

13 amide- C. 

not desirable s ince  alkoxide is known t o  catalyze the  reaction [5]. 

while po ten t ia l ly  applicable t o  nitrogen-15 labeling (i .e. ,  using l imited ammonia), 

has not been extended to  formamide- 

Pr ior  removal of t he  sodium isopropoxide is not required and is probably 

The ammonolysis, 

15 N or f ~ r m a m i d e - ~ ~ C - ~ ~ N  as ye t .  

There a re  numrous reagents fo r  transforming amides i n t o  n i t r i l e s  by dehydra- 

t ion .  W e  investigated the reaction w i n g  phosphorus pentoxide i n  both toluene and 

pyridine so lu t ion ,  E-toluenesulfonyl chloride in pyridine so lu t ion ,  and triphenyl- 

phosphine-carbon te t rachlor ide ,  These r e su l t s  a re  summarized i n  Table 1. Attempts 

t o  dehydrate formamide w i n g  phosphorus pentoxide r e su l t  i n  t he  formation of clumps 

of phosphorus pentoxide-phosphoric acid which are not dissipated by vigorous s t i r r i n g .  

TABLE 1 -- Reagents fo r  the  Dehydration of Formamide. 

Reagent Yield (Range) Yield (Average) 

Phosphorus pentoxide-Toluene 50-65% 

Phosphorus pentoxide-Pyridine 50-55% 

E-Toluenesulfonyl chloride-Pyridine 60-80% 

Triphenylphosphine-Carbon t e t rachlor ide  75-90% 

60% 

5 2% 

73% 

83% 

Entrapment of hydrogen cyanide in these clumps is probably responsible f o r  the  low 

y ie lds  obtained with phosphorus pentoxide. 

with ace t ic  anhydride w a s  unsuccessful. 

amide over alumina f a i l ed  to  give sa t i s fac tory  results. 

in pyridine solution [6] is an acceptable dehydration reagent, but consistently 

higher y ie lds  w e r e  obtained using triphenylphosphine-carbon t e t rachlor ide  [71. 

A s ing le  attempt t o  dehydrate formamide 

Also, the  vapor-phase dehydration of form- 

E-Toluenesulfonyl chloride 

The triphenylphosphine-carbon t e t rachlor ide  reagent is known to  convert primary 

and secondary alcohols i n to  a lkyl  chlorides [8,9]. From known phosphine chemistry 
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and the a lkyl  chloride reaction, the  following s t eps  can be formulated f o r  the  

dehydration reaction: 
+ -  

Ph3P + CC14-Ph3PCC13C1 

+ + -  - OH 
I 

3 
Ph3PCC13C1 + H-C=NH-Ph3P-O-CH=NHC1 + C H C l  

c1 
I - + 

Ph P-O-CH=NHCl- Ph3P0 + H-C=NH 3 

I 
H-C=NH + Ph P -Ph3P.HC1 + HCN 3 

The amino form of formamide and the  idnohydrochloride of hydrogen cyanide have been 

used for  convenience i n  the  mechanism. 

The overa l l  conversion of carbon-13C monoxide t o  sodium cyanide-13C can be 

accomplished i n  yields of 65-70%. 

sca les  ranging from a few millimoles t o  a mole with l i t t l e  var ia t ion  i n  yield.  

A l l  of the  reactions have been car r ied  out on 

EXPERIMENTAL 

Materials and Meth~ds--Carbon-~~C monoxide w a s  produced at  t h i s  Laboratory (Los 

Alamos Sc ien t i f i c  Laboratory Isotope Separation Fac i l i t y ,  Group CNC-4). Ir spec t ra  

w e r e  recorded on a Perkin-Elmer 710 spectrophotometer using polystyrene ca l ibra t ion  

l i nes  and a re  reported to  the  nearest  10 cm-l, with na tura l  abundance absorptions 

being given i n  parentheses. 

60-MHz spectrometer using TMS as an in t e rna l  standard. 

Proton-mu spec t ra  w e r e  recorded on a Perkin-Elmer R-24 

Isopropyl Formate-13C--A mechanically s t i r r e d  one-li ter autoclave w a s  charged 

with a sodium isopropoxide so lu t ion  prepared by dissolving 1.0 g sodium metal i n  

380 cm of anhydrous isopropyl alcohol and sealed.  Carbon- C monoxide (E. 90 mol 

% 13C, containing 7.3 mol % methane) w a s  added to  a t o t a l  pressure of 6.00 MPa 

(870 ps i ,  

room temperature, the pressure had f a l l e n  t o  an equilibrium value of 0.83 MPa 

3 13 

806 p s i  carbon-13C monoxide, 1 . 4  mol). After s t i r r i n g  f o r  48 h r  at 

(120 ps i ,  z. 56 p s i  residual carbon-13C monoxide). 

drained t o  give 331 g of a so lu t ion  containing isopropyl fo-te-l3C, isopropyl 

alcohol, and sodium isopropoxide which was  used d i r ec t ly  i n  the  preparation of form- 

amide-13C. 

After venting, the  autoclave was 
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F~mamide-~~C--The solution of isopropyl f~rmate- '~C, isopropyl alcohol, and 

sodium isopropoxide w a s  transferred to  a one-li ter three-neck f l a sk  equipped with a 

magnetic s t i r r e r ,  thermometer, Dry Ice condenser with drying tube, and an inverted 

300-cm3 gas-sampling cylinder containing l iqu id  ammonia (s. 60 8). 

cooled t o  -7O'C with a Dry Ice-ethanol bath, the  l iqu id  amnonia w a s  added rapidly to  

the  viscous solution, and t h e  reaction mixture w a s  allowed t o  slowly warm t o  -3OOC. 

After s t i r r i n g  f o r  3 h r  a t  -30°C, the D r y  Ice  condenser was replaced with a chil led- 

water condenser, and the  mixture w a s  s t i r r e d  overnight a t  room temperature. The 

mixture w a s  deionized by treatment with 30 g of anhydrous Dmex 50 (H ) cation ex- 

change res in  [prepared by successive reduced-pressure evaporations of benzene from 

an anhydrous benzene-Dowex 50 (H ) s lur ry]  and f i l t e r e d  through a Celite pad. The 

f i l t r a t e  w a s  transferred to  a d i s t i l l i n g  f l a sk  where most of the  isopropyl alcohol 

was removed by d i s t i l l a t i o n  through a short  f rac t iona t ing  column a t  atmospheric p res -  

sure. 

(1.2 mol, 86% yie ld  from carbon-I3C monoxide) of fonnamide- 

8.0 KPa (60 Torr);  nmr ( 6 ,  DMSO-d6) 8.0,  J m  = 187 Hz; i r  3370 (3370), 2870 (2880), 

1650 (1680). 1590 (1600), 1390 (1400). 1290 (1310), 1040 (1050) cm-'. 

The so lu t ion  w a s  

i- 

+ 

The remaining material  w a s  fractionated a t  reduced pressure t o  give 56 g 

C ;  bp 138-140°C at 13  

Sodium Cyanide-"C--A one-li ter three-neck f l a sk  equipped with a magnetic 

stirrer, gas i n l e t  tube, addition funnel, and condenser connected t o  a gas evolution 

t rap  containing 5 sodium hydroxide solution (150 cm ) was charged with triphenyl- 

phosphine (131 g, 0.5 moll and carbon te t rachlor ide  (375 cm ) .  The reaction mixture 

w a s  heated t o  4OoC with nitrogen flushing through the  system, and a so lu t ion  of 

formamide- C (11.5 g, 0;25 mol, E. 90 m o l  % 13C) i n  anhydrous tetrahydrofuran 

(375 cm ) w a s  added over a 2-hr period. 

addition. The reaction was allowed to  continue f o r  60 h r  with nitrogen flushing 

through the  system and the  temperature maintained at 40-45°C. The contents of the 

sodium hydroxide t r ap  were washed i n t o  a volumetric f lask ,  and an a l iquot  w a s  ana- 

lyzed fo r  cyanide by t i t r a t i o n  with s i l v e r  n i t r a t e  solution t o  an iodide end point.  

The y ie ld  of sodium cyanide-I3C w a s  0.20 mol (80%). 

hydroxide mixture was purified [lo] by dropwise addition of t he  solution i n t o  30% 

su l fu r i c  acid and collection of t he  hydrogen ~yanide-'~C i n  a Dry Ice-isopropyl 

alcohol t rap  as  the reaction f l a sk  w a s  flushed with nitrogen. The so l id  hydrogen 

3 

3 

13  

3 A tan so l id  began t o  p rec ip i t a t e  during the  

The sodium cyanide-13C sodium 
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cyanide-13C w a s  d i sso lved  i n  c o l d  w a t e r  and c a r e f u l l y  n e u t r a l i z e d  w i t h  a n  equiva len t  

amount of sodium hydroxide s o l u t i o n .  The r e s u l t i n g  sodium ~yanide- '~C s o l u t i o n  was  

used d i r e c t l y  o r  l y o p h i l i z e d  t o  g i v e  s o l i d  sodium ~yanide- '~C;  i r  2020 (2070) ,  1450 

(1450) em-'. 
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