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SYNTHESIS OF TRIDEUTEROMETHYL-3 (5) PYRAZOLES 
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Instituto de Qulmica Pledica, CSIC, Juan de la Cierva 3 ,  

28006 Madrid (Spain) 

SUMMARY 
The synthesis of 3,5-bis(trideuteromethyl)pyrazole was achie- 

ved by reaction of perdeuterated acetylacetone with perdeuterated 
hydrazine hydrate. Some unsuccessful attempts using alternative 
routes are also described. 

Key Words: Proton-deuterium exchange: 3,5-Dimethylpyrazole-d7. 

For spectroscopic purposes, 'H n.m.r. and n.q.r., a sample of 
heptadeuterated 3,5-dimethylpyrazole was required. Our previous 
experience (1) suggested that deuteration at position 1 (3-D) and 
at position 4 (C-D) can be simply achieved by exchange with D20 
in different conditions, at room temperature, for _N-D and at 200°C 
in a sealed tube for C4-D. Concerning the direct transformation 
CH3 -CD3, almost nothing was known in the literature [a six 
step procedure, involving oxidation by KMn04, to the 
acid, esterification, and several reductions with LiA1D4, has been 

carboxylic 

The only reference we found in the Chemical Abstracts was an 
old paper by Erlenmeyer, Weber and Wiessmer ( 3 )  who reported the 
following reaction: 
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Although compound 2 was no t  w e l l  cha rac t e r i zed  (only dens i to-  
me t ry ) ,  w e  repea ted  exac t ly  t h e  descr ibed  orocedure (us ing  a l s o  a 
hydra te  of l), bu t  H n.m.r. and m a s s  spectrometry i n d i c a t e d  t h a t  
only t h e  carboxyl ic  proton was exchanged. 

Then w e  t r i e d  t o  exchange d i r e c t l y  t h e  pro tons  of 3,5-dimethyl- 
pyrazole  3 i n  b a s i c  medium, i n  t h e  cond i t ions  i n  which a l l  t h e  pro- 
tons  of ace ty lace tone  w e r e  exchanged: 
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The i s o l a t e d  product ,  4 ,  is  l a b e l l e d  only  on p o s i t i o n s  1 and 
4 ( t h e  lack  of deuterium on N1 is due t o  back-exchange wi th  ambient 
humidi ty) .  The r e s u l t  i s  no t  unexpected s i n c e  methyl groups on py- 
r azo le  a r e  much less a c i d i c  than  those  a t o  a carbonyl  group. 

I n  o rde r  t o  inc rease  t h e i r  a c i d i t y ,  w e  thought  of t ransforming 
t h e  pyrazole  i n t o  a pyrazolium ca t ion .  W e  s e l e c t e d  1-benzyl  subs- 
t i t u e n t s ,  compound 5 ,  i n  o rde r  t o  remove them a f t e r  t h e  exchange 
has  been completed. 

Af te r  1 h r e f l u x  i n  D20 con ta in ing  a smal l  amount of K 2 C 0 3  ( 6  
mg/ml), t h e  s o l u t i o n  became very dark.  A H n.m.r. spectrum showed 
t h a t  deu te ra t ion  had taken  p l ace  on a l l  t h e  pro tons ,  inc luding  
those  of t h e  N-CHZ (but  no t  t h e  phenyl p ro tons ) .  However, s i n c e  
much decomposition occurs ,  t h e  p u r i f i c a t i o n  becomes d i f f i c u l t  and 
t h e r e f o r e  t h e  method was abandoned. 
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F i n a l l y ,  t h e  d e s i r e d  compound was prepared  i n  t h e  f o l l o w i n g  
way : 

CH3COCH2COCH3 

6 

A f t e r  a f i r s t  a t t e m p t  t o  p r e p a r e  p e r d e u t e r o a c e t y l a c e t o n e  7 from 

a c e t y l a c e t o n e  6 u s i n g  t h e  procedure  d e s c r i b e d  by Hayes, Sheldon and 
Bowie ( 4 )  ( N a O D / D 2 0  a t  120°C i n  a s e a l e d  t u b e ,  formation of  decompo- 

s i t i o n  p r o d u c t s  o n l y ) ,  w e  used t h e  method of Doyle and Tobias  (5)  

( K 2 C 0 3 / D 2 0  a i r  r e f l u x )  . Compound 7 w a s  treated w i t h o u t  p u r i f i c a t i o n  
w i t h  t e t r a d e u t e r o h y d r a z i n e  i n  deuter ium o x i d e  (25%) and e t h a n o l  

(75%) a f f o r d i n g  p y r a z o l e  8 i n  a 9 8 %  y i e l d .  
A c a r e f u l  'H and 13C n.m.r. and m a s s  spec t romet ry  s t u d y  re- 

veals t h a t  t h e  methyl groups are e n r i c h e d  a t  > 98% b u t  t h e  t h e  4- 
p o s i t i o n  i s  only  5% l a b e l l e d  (probably  due t o  t h e  e t h a n o l  w e  use  

as s o l v e n t ) .  For o u r  p u r p o s e s , t h e  compound can be used as such ,  
b u t  a pure  3,5-dimethylpyrazole-d7 w a s  p repared  by exchange w i t h  
D 2 0  u s i n g  t h e  c o n d i t i o n s  a l r e a d y  described (1) .  

EXPERIMENTAL 

M a t e r i a l  and methods. 

c o r r e c t e d .  'H and 13C n.m.r. s p e c t r a  w e r e  recorded  on a Bruker AM 

2 0 0  spec t rometer  i n  CDC13 s o l u t i o n s  w i t h  TMS as an  i n t e r n a l  s t a n -  

dard.  Mass s p e c t r a  w e r e  determined w i t h  a modi f ied  Bruker CMS47 
FT I C R  m a s s  s p e c t r o m e t e r  ( 6 ) .  Deutera ted  hydraz ine  h y d r a t e  w a s  
purchased from CEA (25% i n  D 2 0 ) .  Deuterium o x i d e  ( S c h a r l a u )  , ace- 
t y l a c e t o n e  (Carlo-Erba) and 3,5-dimethylpyrazole  (Fluka)  w e r e  used. 

Compound 1 w a s  prepared  accord ing  t o  r e f e r e n c e  ( 2 )  and compound 5 

accord ing  t o  r e f e r e n c e  ( 7 ) .  

3,5-Bis ( t r i d e u t e r o m e t h y l )  pyrazole-d6 a n d  -A7. The compound w a s  p re-  

p a r e d  by r e a c t i o n  of  2,4-pentanedione-d8 (5)  and hydrazine-d4 deu- 
t e r o h y d r a t e ,  as d e s c r i b e d  f o r  t h e  s y n t h e s i s  of t h e  u n l a b e l l e d  com-  
pound ( 7 ) .  M.p. 105-107°C [ L i t . :  1 0 7 O C  (711. 

Mel t ing  p o i n t s  were determined i n  open c a p i l l a r i e s  and are un- 

1 3 C  n.m.r. d a t a :  11.39, CD3 [1J(2H-13C) = 19.5 Hz]; 104.08, 

C4-H L 1 J ( l H - 1 3 C )  = 172.75 Hz], 103.87, C4-D [ J (  H-13C) = 26.4 Hz]; 
1 2  
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1 4 4 . 1 7 ,  C3 and C5 of t h e  C4-D isotopomer,  144.30, C 3  and C5 of t h e  

C -H isotopomer.  Mass spec t romet ry  data: m/z 100 (C H D N ) ,  1 0 1  
(C5HD6N2) ,  1 0 2  (C5H2D6N2, M f ]  and 103 (C5HD7N2, M'). A f t e r  pro to-  

n a t i o n  ( w i t h  ace tone)  : m/z 103 (C5H3D6N2, MH', 35%) and 104 (C5H2 

D7N2,  MHt, 6 5 % ) .  

4 5 2 5 2  
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