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CONVENIENT AND SELECTIVE SYNTHESIS OF 4-TRIFLUOROMETHYLIMIDAZOLES 
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A b s t r a c t -  Therma l l y  induced c y c l i z a t i o n  of 3-aryl-l.1.l-triflu0ropropane-2~3~diane 2- 

d imethy lhydrazones (5) which can be r e a d i l y  prepared f rom cor respond ing  arenecarb- 

aldehydes a f f o r d e d  s e l e c t i v e l y  t h e  t ~ t l e  compounds (2) ~n h7yh y i e l d s  w i t h o u t  f o r m a t ~ o n  

o f  t h e  reqio isamers.  

F l u o r i n e - c o n t a i n i n g  h e t e r o c y c l e s  have l n c r e a s i n y l y  a t t r a c t e d  a t t e n t ~ a n  o f  many workers i n  

m e d i c i n a l  and a g r i c u l t u r a l  f ~ e l d z  because o f  t h e l r  p o t e n t i a l  b ~ o l o y i c a l  a c t i v 7 t y . l  and development 

of e f f e c t i v e  new methods f o r  c o n s t r u c t i o n  o f  these  compounds i s  nowadays one of  the  most important 

theme o f  many organic chern~s tz .  i n  these  two or t h r e e  years  we have been engaged in t h e  

i n v e s t ~ g a t i o n  of a s e r i e s  o f  navel  c y c l i z a t i o n  r e a c t i o n s  o f  t r i f l u o r a a c e t y l a t e d  d i a l k y l h y d r a z o n e r  

l e a d ~ n g  t o  v a r i o u s  f l u o r i n e - c o n t a ~ n i n g  h e t e r o c y c l e s .  
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I n  t h e  cou rse  o f  these  s t u d ~ e s  i n t e r e s t i n g  f a c t s  were t h a t  t r i f l u o r a a c e t y l a t e d  

d imethy lhydrazones (3 i n  r e f l u x l n g  t o l u e n e  a f f o r d s  p redominan t l y  5-trifluaromethyl~midaioles (9 
t o g e t h e r  w i t h  a l l t t l e  amounts o f  t h e i r  r e g ~ o ~ s o m e r i c  4-trifluoromethylim~dazoles (3). w h i l e  a 

m i x t u r e  o f  major  (2) and m inor  (z) i n  o b t a ~ n e d  when i s  adsorbed on s i l i c a  g e l  and heated a t  

8 0 " ~ . '  T h i s  d i s c r i m i n a t i v e  s e l e c t i v i t y  a t t r a c t e d  ou r  i n t e r e s t  and ~ r o m p t e d  us t o  s y n t h e s i z e  3 

s e l e c t i v e l y  s t a r t i n g  f rom t h e  o t h e r  new i somer i c  hydrazones (2)). 
a-Diketones E) were r e a d i l y  ob ta ined  a s  monohydrates by a c i d  c a t a l y z e d  h y d r o l y s i s  of L.~ Ad- 

d i t i o n  of 1 .1-d i rnethy lhydrar ine to, immed ia te l y  gave adducts (4').1° Unexpectedly  these  adducts 
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Tab le  1. S y n t h e s ~ s  o f  L' and 2. 
Ar Y l e l d .  %a ' H  nmrb 

4 '  5 - 6 P P ~  

p-MeOC6H4 100 59 2.98(s. 6H.NMe). 3.84(s. 3H. OMe). 6.89, 7 .79(d.  J=  9Hz. 4H. A r )  

p-To1 100 83 2.40(s. 3H. Me). 2.99(s. 6H. NMe). 7.23. 7.71(d. J=  8Hr. 4H. A r )  

Ph 99 81 2.99(s. 6H. Me). 7.16-7.90(m, 5H. A r )  

p-ClC6H4 99 91 3.01 ( s .  6H, NMe), 7.34. 7.71 (d. J= 8Hr. 4H. A r )  

p-02NC6H4 85' 6bd 3.09(s. 6H. Me). 7.92. 8.25(d. J=  8Hr. 4H. A r )  

o-MeC6H4 100 71 2.54(s, 3H. Me). 3 .07(s .  6H, NMe). 7.00-7.65(m. 4H, A r )  

I - n a p h t h y l  87 52 3.08(s. 6H. Me). 7.25-8.05(m. 7H. A r )  
~ 

a I s o l a t e d  y ~ e l d s  from $, i n  b o t h  cases. ' H  Nmr s p e c t r a  were reco rded  a t  60 MHz on a JEOL 

PMX60SI spec t romete r  us ing  CDCI? a s  s o l v e n t .  R e a c t ~ o n  was c a r r i e d  o u t  a t  0°C and completed 

w i t h i n  30 sec. I n  t h ~ s  case, a b t a l n e d  41 was u n s t a b l e  and spontaneously  t rans fo rmed  back t o  i. 
Thus f r e s h l y  prepared 4' was i rn rned~a te l y  s u b m i t t e d  t o  subsequent reac t7on  l e a d i n g  t o  i. Y i e l d  

I 
1s  based on H nrnr spec t ra  o f  crude p r o d u c t .  Together  w i t h  5, about  15% o f  1 was observed i n  

i t. At tempted p u r i f i c a t i o n  o f  2 by d ~ s t ~ l l a t > a n  o r  column chromatography r e s u l t e d  i n  f o r m a t i o n  

o f  same j and !, 

g r a d u a l l y  and i n  some cases ve ry  r a p i d l y  changed back t o  hydrazones (1) an stand7ng a t  room 

temperature.  T h ~ s  u n d e s ~ r a b l e  r e a c t ~ o n  was a c c e l e r a t e d  by  t h e  presence o f  acids such a s  a c e t l c  

ac7d w h ~ c h  was used a s  an e f f e c t ~ v e  c a t a l y s t  f o r  t h e  hydrazone fo rma t?on .  Consequent ly  s e v e r a l  

a t tempts  t o  dehydra te  4' gave a m x t u r e  o f  expec ted?  andl-. A f t e r  many t r l a l s  we found t r e a t m e n t  

o f  f r e s h l y  p repared  5' w t h  POC13 i n  t h e  presence o f  p y n d - i n e  a f f o r d s  2 i n  s a t ~ s f a c t o r y  yields. 

I n  a typical experiment. 4 (A r :  p-Tol .  2 mmol) ~n d r y  CH2C12 ( 2  ml) was coo led  i n  an i c e  b a t h  and. 

then,  1 . 1 - d ~ r n e t h y l h y d r a n n e  (2.2 mrnal) was added d r a p w ~ s e .  A f t e r  s t ? r r l n g  f o r  10 mln .  t h e  

r e a c t ~ a n  m m t u r e  w a s  d n e d  (MgSO ) and CH C1 was removed i n  vacua t o  a f f o r d  (A r :  p -To l ) .  Th7s 
4 2 2 

adducts  ( 5 )  was t h e n  immed7ately d i s s o l v e d  i n  d r y  CHCI3 under m t r o g e n  and w ~ t h  cooling i n  an i c e  

bath.  Dry p y r l d l n e  (8.8 mmol) and POC13 (2.4 rnrnol) were then  added and t h e  m ~ x t u r e  was warmed t o  

a rnb~en t  tempera tu re  and s t ~ r r e d  f o r  1  h. A f t e r  add7 t lon  of CH2CI2 (ca. 50 m l ) ,  t h e  r e a c t ~ o n  

m x t u r e  w a s  poured ~ n t o  I N  HC1 (50 m l )  and t h e  o r g a n > =  l a y e r  was s u c c e s s ~ v e l y  washed w l t h  w a t e r  

and 10% aq. Na2C03. The o r g a n , =  l a y e r  was d n e d  over  Na SO and t h e  s o l v e n t  was removed t o  give 
2 4 

3-(p-talyl)-l.l,l-trifluoropropane-2.3-dione 2-d imethy lhydrazone (A) (A r :  p-Tal )  I n  88% y l e l d .  

Qu7te s ~ r n ? l a r l y  s e v e r a l  t r ~ f l u o r o r n e t h y l a t e d  hydrazones (i) were  s u c c e s s f u l l y  p repared  (Tab le  1 ) .  

1  
S t r u c t u r e s  of5- were  c o n f ~ r m e d  by  H nrnr and i r  spec t ra ,  and microcombust ion a n a l y s i s .  

11 

C y c l ~ r a t i a n  of 5- t o  3 w a s  ~ e r f o r m e d  by  r e f l u x i n g  i t  in t o luene .  Fo r  i n s t a n c e ,  (A r :  Ph. 1  rnmol) 

d ~ s s o l v e d  i n  t o l u e n e  (20 m l )  was r e f l u x e d  f o r  2  days under  n i t r o g e n .  Removal of t h e  s o l v e n t  i n  

vacuo a f f o r d e d  I-methyl-5-phenyl-4-trifluoromethylim~darole (3) (A r :  Ph) i n  93% y i e l d .  I n  o t h e r  

cases i n  Tab le  2, correspond7ng Awere a l s o  o b t a i n e d  i n  h ~ g h  y l e l d s . 1 2  Worth n o t i n g  
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Tab le  2. C y c l l r a t 7 o n  o f  2 toJ .  

Ar y l e l d a  mp ' H  nmr 
b  

% "C 6 .  oom 
- ~ - 

p-MeOC6Hq 96 101 3.53(s. 3H. NMe). 3 .90(s .  3H. OMe). 6.85-7.35(q. J= 9Hr. 4H. A r ) .  

7.40(s. 1H. CHI 

p-Tol 98 88 2.38(s, 3H. Me), 3.43(s, 3H. NMe), 7 .11(s .  4H. Ar) .  7.37(s, IH.  CH) 

Ph 93 llO/lTo,rC 3.43(5.  3H. Me), 7.13-7.50(m. 6H. Ar  and CH) 

p-C1C6H4 82 71 3.46(s. 3H. Me). 7.06-7.50. 7 .46(q and s .  J= 8Hr. 5H. Ar  and CH) 

p-02NC6H4 5zd 150/5Torrc 3.54(s. 3H. Me), 7.57. 7.50(s and d. J= 9Hz. 3H. CH and A r ) .  

8.30(d. J=  9Hz. ZH. A r )  

o-MeC6Hq 84 160/4T0rrC 2.07 (s. 3H. Me). 3.30(s. 3H. NMe). 7.01-7.45(m. 4H. A r ) .  

7.49(s. IH.  CH) 

I - n a p h t h y l  63 115 3.24(s .  3H. Me). 7.20-8.04. 7.58(m and s ,  8H. Ar  and CH) 

a I s o l a t e d  y l e l d  f r o m i .  ' H  Nmr s p e c t r a  w e r e  reco rded  a t  60 MHz on a JEOL PMX60SI spect rometer  

u s ~ n g  CDC13 as s o l v e n t .  Oven tempera tu re  o f  Kuge l roh r  d ~ s t ? l l a t ~ o n .  Y l e l d  c a l c u l a t e d  from 

a - d ~ k e t o n e  (4). 

h e r e  i s  f a r m a t ~ o n  o f  none o f  t h e  r e g i o i s o m e r s  (9 i n  any cases. T h ~ s  r e s u l t  i s  i n  s t r o n g  c o n t r a s t  

w l t h  t h e  thermal  c y c l i z a t i o n  of ,l i n  t h e  same c a n d 7 t i o n  a f f o r d 1 n g . 2  as major p r o d u c t s  w i t h  s a m e .  

1  
I d e n t ~ f , c a t i o n  o f  L w a s  e a s l l y  per formed by  comparison o f  t h e 7 r  H  nmr and i r  s p e c t r a  w i t h  those 

o f  a u t h e n t i c  samples prepared by p r e v i o u s l y  r e p o r t e d  manner using s ? l l c a  g e l  as c a t a l y s t .  
7 

Th7s h l g h l y  s e l e c t i v e  conversion o f  ? t o  3- s t r o n g l y  suggests t h a t  t h e  f o r m a t ~ o n  o f 2  frarnl- i n  o u r  

7 p r e v i o u s l y  r e p o r t e d  c y c l i z a t ~ o n  o f  on t h e  su r face  of s ~ l i c a  g e l  i s  due t o  p r i o r  i s o m e r i z a t l o n  

of 1 t o  ? i n  precedence t o  t h e  c y c l i r a t i o n .  As f o r  t h ~ s  i s o m e r i z a t ~ o n .  we c o u l d  o a t  g e t  d i r e c t  

ev idence  f o r  t h e  l n t e r v e n t i a n  o f? .  However t h i s  v i e w  was suppor ted by ou r  r e c e n t  f i n d i n g  t h a t  an 

analogous ~ s o m e r i z a t i o n  o f  L t o ?  occurs w ~ t h  t h e  a i d  of s ~ l i c a  g e l  as c a t a l y s t ,  though i t  i s  a 

much s lower  process compared t o  t h e  case of t02. There fo re  i t  may be conc luded  as shown i n  

Scheme I t h a t  1  a n d 2  are  t h e r m a l l y  c y c l i r e d  t o 2  and?, r e s p e c t ~ v e l y ,  by a common mechanism and - 
when s i l 7 c a  g e l  i s  used as a c a t a l y s t 1 3  most o f  11s i s a m e n r e d  t o 2  b e f o r e  t h i s  c y c l 3 2 a t i o n .  

COPh 
M ~ ~ N N ~  - 

Me Me2NN O x A r  CF3 A 
7 - 5 - 

Scheme 1 



F u r t h e r  m e c h a n i s t ~ c  s t u d i e s  f a r  t h ~ s  c y c l i z a t ~ a n  i s  now i n  p rog ress  and w l l  be r e p o r t e d  i n  

near  f u t u r e .  
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s i m p l e  the rma l  r e a c t l o "  ( w i t h o u t  s 7 l i c a  g e l )  o f . 1  a f f o r d e d  a sma l l  amount o f  3 as a by- .- 
p r o d u c t .  See r e f .  7. 
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