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SUMMARY 

The syntheses of all the possible 2 H ,  1 3 C ,  and 15N 

singly and multigly labelled isotopomers of acetonitrile and 

thioacetamide are described. The pathway includes reaction 

between methyl iodide and potassium cyanide followed by treat- 

ment of the acetonitrile with diphenylphosphinodithioic acid 

to give thioacetamide, purified by sublimation in an overall 

yield of 55-60%. 
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INTRODUCTION 

As part of continuing investigations into the vibrational 

spectra of thioacetamide, a detailed study of the infrared and 

Raman spectra has recently been undertaken.lr2 Samples in the 

50-100 mg scale of thioacetamide extensively marked with stable 

isotopes were required in order to facilitate the interpreta- 

tion of the observed spectra. The details of the synthesis of 

these comFounds are reported herein. 
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Labelled acetonitrile has usually been produced by one 

of the methods outlined in Scheme 1.  In the first route, acetic 

p205 > CH3C 15 N (34%) + I5NH3 __. 

+ KC’’N ~ > CD3C 15 N (67%) 

KCN/NaCN ___ > 13CH3CN (88-95%) 

Scheme 1.  Synthesis of labelled acetonitrile 

1 5  acid anhydride on treatment with 

amide and ammonium acetate, converted to acetonitrile on re- 

action with Pz05.3 Due to the low cost of high-purity 15NH4Cl 

attempts were made to improve the yield, but were not met with 

success (maximum 47% yield). Another procedure reported for 

simultaneous introduction of 2H and ’ 5N makes use of deuterated 

N K 3  gives a xixrure of acet- 

dimethyl sulfate. It not only involves a substantial loss of 

deilterated material but is not convenient for generalisation 

due to the non-availability of other isotopical substitutes of 

dimethyl sulfate. In the third route, the conversion of I3CH3I 

to I3CH CN is accomplished by treatment either with potassium 

cyanide in glycerol or with sodium cyanide in dimethyl sulf- 

oxide. The former procedure adapted to small-scale preparations 

in our hands gave very satisfactory results ( 9 4 - 3 S ‘ k )  and could 

easily be extended to other labelled acetonitriles. 
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S y n t h e t i c  r o u t e s  of  l a b e l l e d  t h i o a c e t a m i d e  are i l l u s t r a t e d  

i n  Scheme 2 .  I n i t i a l l y  t h e  d i r e c t  r e a c t i o n  between hydrogen 

CH3CN + H2S - > CH3CSNH2 ( 6 6 % )  

CH3CN + (Et0)2PS2H - > CH3CSNH2 (24-39%) 

CH3CN + Ph2PS2H ___ > CH3CSNH2 ( y i e l d  n o t  g i v e n )  

Scheme 2.  S y n t h e s i s  of l a b e l l e d  t h i o a c e t a m i d e  

s u l f i d e  and a c e t o n i t r i l e  was e x t e n s i v e l y  i n v e s t i g a t e d .  However, 

a d a p t i o n  of  t h i s  method t o  m i c r o s y n t h e t i c  c o n d i t i o n s  i n v a r i a b l y  

r e s u l t e d  i n  y i e l d s  o f  2 5 %  o r  less. An a l t e r n a t i v e  r o u t e  i n v o l -  

v i n g  t h e  use o f  0 , O ‘ - d i e t h y l  d i t h i o p h o s p h a t e  as  hydrogen s u l f i d e  

donor  w a s  used by Wal t e r  e t  a1.’ i n  t h e  s m a l l  s c a l e  p r e p a r a t i o n  

of 13CH3CSNH2 , CH313CSNH2 and CH3CS1’NH2. The main drawback of  

9 
t h i s  method is t h e  s m a l l  and g r e a t l y  v a r y i n g  y i e l d .  Recen t ly  

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

diphenylphosphinodithioic a c i d  h a s  been proposed i n s t e a d .  Unfor- 

t u n a t e l y ,  though it i s  mentioned i n  t h e  i n t r o d u c t i o n  of  t h e  

pape r  t h a t  t h e  method may be used f o r  p r e p a r a t i o n  o f  t h i o a c e t -  

amide, it i s  comple t e ly  a b s e n t  i n  t h e  e x p e r i m e n t a l  p a r t  and 

from t h e  t a b l e s  d e s c r i b i n g  y i e l d  e t c .  Somewhat i n t r i g u e d  by 

t h i s  a p p a r e n t  c o n t r a d i c t i o n ,  w e  unde r took  a s t u d y  of  t h e  r e a c t i o n  

between Ph PS H and a c e t o n i t r i l e  under  a v a r i e t y  of  c o n d i t i o n s .  2 2  

W e  found t h a t  i f  t h e  r e a c t i o n  was c a r r i e d  o u t  i n  2-propanol 

a s  proposed i n  t h e  g e n e r a l  e x p e r i m e n t a l  p r o c e d u r e  a good y i e l d  

of t h i o a c e t a m i d e  c o u l d  n o t  be s e c u r e d .  Work-up w i t h o u t  aqueous 

e x t r a c t i o n  had t h e  r e s u l t  t h a t  t h e  con taminan t s  w e r e  v e r y  

d i f f i c u l t  t o  remove. On t h e  o t h e r  hand it w a s  o b s e r v e d ,  t h a t  t h e  

r e a c t i o n  c a r r i e d  o u t  i n  t o l u e n e  s o l u t i o n  proceeded smoothly t o  



3 78 U. Anthoni and P .  H .  Nielsen 

g i v e  d i r e c t l y  t h e  c r u d e  t h i o a c e t a m i d e  which was s u b l i m a t e d  t o  

a v e r y  p u r e  p r o d u c t  i n  55-60% o v e r a l l  y i e l d .  T h i s  s i m p l e ,  one- 

s t e p  s y n t h e s i s  a l s o  h a s  a n  added advan tage  i n  t h a t  it comple t e ly  

a v o i d s  t h e  t roub le some  s e p a r a t i o n  o f  by -p roduc t s  by chromato- 

g raphy .  

EXPERIMENTAL 

A c e t o n i t r i l e  from ace t ic  a n h y d r i d e .  The method d e s c r i b e d  

by Juchnovsk i  g c.3 was mod i f i ed  f o r  t h e  s y n t h e s i s  of  CH C 1 5 N  

from "NH C1 and a c e t i c  a n h y d r i d e .  A r e a c t i o n  f l a s k  cha rged  w i t h  

po ta s s ium hydrox ide  p e l l e t s  i s  equ ipped  w i t h  a n i t r o g e n  i n l e t  

and a d d i t i o n  f u n n e l .  A s o l u t i o n  o f  ammonium ch lo r ide - I5N ( 1  g ,  

18.7 mmol) i n  wa te r  ( 2  m l )  i s  added d ropwise  w i t h  n i t r o g e n  

f l u s h i n g .  The o u t l e t  i s  connec ted  t o  a t r a p  c o n t a i n i n g  v i g o r o u s -  

l y  ( m a g n e t i c a l l y )  s t i r r e d  a c e t i c  a n h y d r i d e  ( 1  q ,  9.8 mmol) and 

wa te r  ( 3  m l )  . A s  soon a s  t h e  e x i t  g a s e s  c o n t a i n i n g  I 5 N H 3  a r e  

pas sed  t h r o u g h  t h e  c o n t e n t s  of t h e  t r a p  an exo the rmic  r e a c t i o n  

sets  i n  which i s  a l lowed  t o  p roceed  u n i n t e r r u p t e d  f o r  1 h .  The 

r e a c t i o n  m i x t u r e  i s  t h e n  t a k e n  t o  d r y n e s s ,  d r i e d  o v e r  P 2 0 5  

o v e r n i g h t ,  ground i n  a m o r t a r  w i t h  phosphorous p e n t o x i d e  ( 4  g ,  

2 8  mmol) and d i s t i l l e d  t o  g i v e  a c e t o n i t r i l e - I 5 N  (364 mg, 4 7 % ) .  

3 

4 

A c e t o n i t r i l e  from methyl  i o d i d e  and p o t a s s i u m  c y a n i d e .  A 

suspens ion  of  f r e s h l y  powdered p o t a s s i u m  c y a n i d e  (456 mg, 7 mmol) 

i n  methyl  i o d i d e  ( 9 9 4  mg, 7 mmol) and d r i e d  g l y c e r o l  ( 0 . 4  m l )  i s  

p l a c e d  i n  a f i v e  m l  r o u n d - b t t o m e d  f l a s k .  I t  i s  c l o s e d  w i t h  a 

t i g h t  g l a s s  s t o p p e r  which shou ld  be w e l l  l u b r i c a t e d  and s e c u r e d  

w i t h  a c l i p  because  t h e  p r e s s u r e  may r ise  d u r i n g  t h e  r e a c t i o n .  

The m i x t u r e  i s  m a g n e t i c a l l y  s t i r r e d  a t  4 0  C f o r  1 h and s t i r r i n g  0 
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is continued at ambient temperature overnight. The trap is 

connected to a vacuum line and distilled at 30° directly into 

a receiver cooled in liquid nitrogen. It is important that the 

stirring be continued during the distillation and that this is 

allowed to proceed for at least 1 h in order to obtain a 94-98% 

yield of pure acetonitrile. 

By this procedure CDH2CN and CD HCN were prepared using 2 
CDH21 (Roth, 96% D) and CD2HI (Roth, 96% D). Similarly, I3CH3CN, 

15 13 13c15N CH3I3CN, CH3C1’N, I3CH3l3CN, I3CH3C N, CH3I3Cl5N, and CH3 
13 have been obtained using I3CH3I (Stohler, 99% I3C) , K 

(Prochem, 90% I3C) , KC N (MSD, 99% I5N) and KI3Cl5N (Prochem, 

91,5% I3C, 99.5% I5N). With the additional use of I3CD3I (MSD, 

90% I3C, 98% D) and CD31 (Aldrich 99% D) as starting materials, 

CN 
15 

3CD3CN, CD3 3CN, CD3C1 5N , 3CD31 3CN, 3CD3C1 ’N , and CD 3 3C1 5N 

were also prepared. 

Thioacetamide from acetonitrile. Diphenylphosphinodithioic 

acid was prepared according to the instructions given by Higgins 

_ _  et a1.I’ and recrystallized twice from 2-propanol before use. 

The pure acid ( 3 . 5  g, 14.0 mmol) was dissolved in dry toluene 

( 3  ml) at 60° and the acetonitrile prepared above (6.6 - 6.7 

mmol) added in one portion. ‘?he solution was left at room tempe- 

rature Overnight and the separated thioacetamide filtered off. 

Despite several attempts it was not possible to obtain an addi- 

tional yield from the mother liquor. The thioacetamide was worked 

up using gradient sublimation to give a 55% yield of very pure 

fluorescence free compound and leaving a small amount of greasy 

residue in the sublimation tube. A small teflon container with 

impure thioacetanide is placed near the closed end of a horizon- 

tally orientated glass tube (inside diameter 23.2 m m ) .  The other 
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end o f  t h e  t u b e  i s  c o n n e c t e d  t o  a dynamic vacuum a t  5 x lo -*  

t o r r .  The s u b l i m a t e d  c r y s t a l s  w e r e  collected o n  a removab le  

t e f l o n  l i n i n g  i n s i d e  t h e  g l a s s  t u b e .  The g r a d i e n t  w a s  0 . 7 S 0  :: 

c m  

3 - 5 h f o r  50 - 100 mg p o r t i o n s .  By t h i s  g e n e r a l  p r o c e d u r e  all 

t h e  l a b e l l e d  a c e t o n i t r i l e  compounds d e s c r i b e d  above  w e r e  con-  

v e r t e d  i n t o  t h e  c o r r e s p o n d i n g  t h i o a c e t a m i d e  d e r i v a t i v e s  i n  

almost i d e n t i c a l  y i e l d .  

-1 , c o n t r o l l e d  a t  45O a t  t h e  h i g h  t e m p e r a t u r e  e n d ,  k e p t  i n  
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