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A FACILE AN0 CONVENIENT SYNTHETIC METHOD FOR FLUORINE-CONTAINING PYRIDINES, 

1.2-DIHYDROPYRIDINES. AND 2-PYRIDONES 

E t s u j i  Okada, Ryo ich i  Masuda, and Masaru ~ o j o *  

Department of I n d u s t r i a l  Chemistry, Facu l ty  o f  Engineer ing,  Kobe Un i ve rs i t y ,  

Kobe 657, Japan 

Abs t rac t  - 1 -E thy l t h i o -  and 1-dimethylamino-4,4-bis(trifluoroacety1)-1,3- 

butadienes ( 1 ,  2) reacted e a s i l y  w i t h  aqueous ammonia and va r i ous  pr imary 

amines under m i l d  cond i t i ons  t o  a f fo rd  s e l e c t i v e l y  t he  corresponding f l uo r i ne -  

con ta in ing  p y r i d i n e s  ( 3 ) ,  1,2-d ihydropyr id ines ( 4 ) ,  and 2-pyridones ( 5 )  

i n  e x c e l l e n t  y i e l d s .  

P y r i d i n e  and i t s  d e r i v a t i v e s  c o n s t i t u t e  an important  c l ass  o f  h e t e r o c y c l i c  compounds and 

t h i s  r i n g  system i s  found i n  a  g rea t  number of n a t u r a l l y  occu r r i ng  products,  f o r  example 

a l k a l o i d s  having i n t e r e s t i n g  b i o l o g i c a l  a ~ t i v i t i e s . ~ ' ~  Besides, i n  recent  years the  

development o f  new methodologies f o r  t he  synthesis o f  var ious  f l u o r i n e - c o n t a i n i n g  hetero-  

cyc l es  has received an i nc reas ing  i n t e r e s t ,  s ince many k inds o f  these compounds are now 

w ide l y  recognized as impor tan t  organic ma te r i a l s  showing i n t e r e s t i n g  f u n c t i o n a l i t i e s  f o r  

use i n  medic inal  and a g r i c u l t u r a l  ~ c i e n c e s . ~ - l ~  I n  t he  course o f  our  ex tens ive  

s tud ies l 1 - l 4  on the n u c l e o p h i l i c  s u b s t i t u t i o n s  a t  o l e f i n i c  carbon atoms a c t i v a t e d  by 

t r i f l u o r o a c e t y l  group, i t  was found t h a t  t he  S-N and N-N exchange reac t i ons  o f  l - e t h y l -  

t h i o -  and l-dimethylamino-4,4-bis(trifluoroacetyl)-l,3-butadienes ( 1 ,  2 )  w i t h  var ious  

secondary amines proceed e a s i l y  under m i l d  cond i t ions  t o  g i ve  t h e  corresponding 4,4-bis- 

(trifluoroacety1)-l,3-butadienylamines i n  h igh  y i e l ds .14  As an ex tens ion  and genera l i za-  

t i o n  o f  t h i s  work, we now descr ibe  a f a c i l e  and convenient syn the t i c  method f o r  py r i d i nes  

( 3 ) ,  1,2-di hydropyr id ines (4 ) ,  and 2-pyridones ( 5 )  bear ing t r i f l u o r o m e t h y l  group by 

n u c l e o p h i l i c  s u b s t i t u t i o n  o f  1 and 2 w i t h  ammonia and pr imary amines. 

The r e s u l t s  a re  shown i n  Scheme 1 and summarized i n  Table 1. Both s u l f i d e  ( 1 ) 1 5  and amine 
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Scheme 1 

(2)16 reacted quite easily at room temperature with 5 mole equivalents of aqueous ammonia 

(28%) in acetonitrile to give 3-trif luoroacetyl-2-trif luoromethylpyridine (3) in high 

yields (Entries 1 and 2). Aliphatic primary arnines such as methyl-, ethyl-, isopropyl-, 

isobutyl-, and E-butylamines (with 1-5 mole equivalents) reacted also cleanly to afford 

desired fluorine-containing l,2-dihydropyridines (4a-e) in 53-100% yields (Entries 3, 4, 

7, 9, 11, and 12). Aromatic primary arnine, p-anisidine, reacted readily with 1 even at 

room temperature within 1 h to provide the corresponding 1.2-dihydropyridine (4f) in 89% 

yield, though considerably less reactive than aliphatic amines (Entry 13). In contrast 

to this, instead of expected 1,2-dihydropyridines such as 4a-c, 2-pyridones (5a-c) were 

obtained exclusively or predominantly in 6844% yields when treated with a large excess 

(10 mole equiv.) of aliphatic primary amines whose carbon atoms adjacent to nitrogen are 
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Table 1. Synthesis of Fluorine-Containing Pyridines (3), 1,2-Dihydro- 

pyridines (4), and 2-Pyridones (5) 

Entry Substrate Amine ( R ~ R ~ c H N H ~ ) ~ )  Time (h) Product Yield (%lb) 
HI HZ equiv. 

1 1 ( R ~ R ~ C H  = H) 

a) Aqueous solutions of ammonia (28%), metbylamine (40%), and ethylamine 

(70%) were used. b) Isolated yields of products purified by column 

chromatography on silica gel. Values in parentheses are the yields of 

recovered substrates. 

not branched (R1=H or alkyl, R ~ = H  in R ~ R ~ C H N H ~ )  such as methyl-, ethyl-, and isobutyl- 

amines (Entries 5, 6, 8, and 10). The trifluoroacetyl group of 2-pyridones (5) was found 

to exist as hydrated form. 

A possible reaction course is as follows. Nucleophilic S-N or N-N exchange reaction of 

1 or 2 with primary amines takes place to give intermediate N-monosubstituted l-amino- 

4.4-bis(trifluoroacety1)-1,3-butadienes, which undergo intramolecular nucleophilic attack 

of the amino nitrogen onto the carbonyl carbon of the trifluoroacetyl group to afford 

1,2-dihydropyridines (4). In the case of using ammonia, 4 ( R ~ R ~ C H = H )  easily loses water 

to give pyridine (3). 2-Pyridones ( 5 )  are formed by elimination of fluoroform from 1,2- 

dihydropyridine (4) only where R1 is hydrogen or alkyl group and R~ is hydrogen, as 

similar to the well-known haloform reaction. The reaction is probably initiated with 

deprotonation of 2-hydroxy group of 4 in the presence of amines in large excess. When 
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bo th  Ftl and Ft2 a re  a l k y l  groups i n  4, t he  e l i m i n a t i o n  of f l uo ro fo rm  seems t o  be d i f f i c u l t  

t o  proceed under such m i l d  cond i t ions .  

The s t r uc tu res  of compounds (3-5) were determined from t h e i r  l ~ - n m r  and i r  spectra,  

toge ther  w i t h  elemental analyses. As rep resen ta t i ve  cases, d i hyd ropy r i d i ne  (4e)  and 2- 

pyr idone (5a)  were f u r t h e r  conf i rmed by 1%-nmr spec t ra l  data. I n  p a r t i c u l a r ,  13c-nmr 

spectrum of 4e showed a c h a r a c t e r i s t i c  s i gna l  f o r  t he  hemiaminal carbon (C-2) bear ing  

t r i f l u o r o m e t h y l  group a t  6=86.1 ( q ,  JCF=33.6 Hz). Th is  presented unambiguous evidence 

suppor t ing  t he  d i hyd ropy r i d i ne  r i n g  fo rmat ion .  I n  t he  13c-nmr spectrum of 5a, t he re  

appeared two d i agnos t i c  s i gna l s  f o r  t h e  hydrated t r i f l u o r o a c e t y l  carbonyl carbon a t  

G 9 3 . 4  (q,  JcF=32.0 Hz) and amide carbonyl  carbon a t  6.163.0 ( s ) ,  which supported t h a t  

t he  hyd ra t i on  occurs n o t  a t  the  carbonyl  of t he  pyr idone r i n g  b u t  a t  t h a t  o f  t he  

t r i f l u o r o a c e t y l  group. 

I n  connect ion t o  t h i s ,  i t  seems of i n t e r e s t  t o  note here t h a t  1-p-methoxyphenyl d e r i v a t i v e  

(4 f )  i n  c r y s t a l l i n e  s t a t e  was found t o  e x i s t  i n  t he  a c y c l i c  form ( 6 ) ,  al though i t  i s  i n  

t he  c y c l i c  form (4f)  bo th  i n  pure l i q u i d  s t a t e  and i n  s o l u t i o n  as dep ic ted  below. Th i s  

( i n  l i q u i d  s t a t e  

a n d  i n  s o l u t i o n )  

( i n  c r y s t a l l i n e  s t a t e )  

was apparen t ly  ascer ta ined  by i t s  ir and l ~ - n m r  spectroscopic da ta  as fo l lows.  I n  t he  

'H-nmr spectrum of 4 f  i n  CDC13 the re  were observed c h a r a c t e r i s t i c  peaks f o r  t he  t h ree  

o l e f i n i c  hydrogens and coup l ing  constants f o r  these protons were small  ( 5 - 7  Hz) s i m i l a r  

t o  t he  case of 1 -a l ky l  d e r i v a t i v e s  (4a-e). The ir spectrum o f  4 f  taken as o i l y  f i l m  

showed broad 0-H s t r e t c h i n g  band a t  3520-2750 cm-l and s t r ong  absorp t ion  bands f o r  C=O 

and C=C a t  1630 and 1500 cm-l, r espec t i ve l y ,  which a re  s i m i l a r  t o  those o f  o i l y  1 - a l k y l  

d e r i v a t i v e s  (4a-c) .  O i l y  4 f  c r y s t a l l i z e d  g radua l l y  t o  6 and i t s  i r  spectrum (KBr t a b l e t )  

e x h i b i t e d  t he  c h a r a c t e r i s t i c  absorp t ion  bands a t  3180 cm-l (N-H), a t  1685 and 1630 cm-l 

( P O ) ,  and a t  1558 cm-l (C-C). Among them, p a r t i c u l a r l y  the  medium peak a t  1685 cm-l 

i s  d i agnos t i c  f o r  1-amino-4,4-bis(trifluoroacety1)-1,3-but system.16 When t h i s  
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c r y s t a l l i n e  6 was d isso lved  i n  CDC13 the  l ~ - n m r  spectrum showed convers ion o f  6 back again 

t o  i t s  c y c l i c  form (4f).  I n  con t ras t ,  i n  t he  case of c r y s t a l l i n e  1 - a l k y l  d e r i v a t i v e s  

( 4 d  and 4e), t he  phenomenon of such r ing-opening and r i ng -c l os i ng  was n o t  observed. The i r  

ir spec t ra  (KBr t a b l e t )  showed t h a t  4d and 4e e x i s t  i n  t he  c y c l i c  form even i n  the  s o l i d  

s t a t e .  

I n  conclus ion,  the  present method i s  exper imenta l l y  very simple, convenient  and use fu l  

f o r  t he  synthesis o f  CF3-containing p y r i d i n e  and i t s  de r i va t i ves  which a re  no t  e a s i l y  

ob ta ined  by o the r  methods. Eva lua t ion  o f  b i o l o g i c a l  a c t i v i t i e s  f o r  3-5 i s  now under way. 

EXPERIMENTAL 

M e l t i n g  p o i n t s  were determined on an e lec t ro thermal  d i g i t a l  m e l t i n g  p o i n t  apparatus and 

a re  uncorrected. I r  spectra were recorded on a  H i t ach i  EPI-G3 spectrophotometer. 'H- 

and 13c-nmr spec t ra  were obta ined w i t h  JEOL PMX 60SI and FX 90Q ins t ruments  us i ng  CDC13 

as a  so l ven t  unless otherwise i nd i ca ted .  A l l  chemical s h i f t s  a re  repo r ted  i n  ppm down- 

f i e l d  from i n t e r n a l  te t ramethy ls i lane ;  coup l ing  constants ( J )  a re  g i ven  i n  Hz. Elemental 

analyses were performed by t he  Microanalyses Center o f  Kyoto U n i v e r s i t y .  Chromatographic 

separat ions were c a r r i e d  o u t  on s i l i c a  ge l  column (Wakogel C-200; 100-200 mesh). 

A c e t o n i t r i l e  was d r i e d  over  mo lecu la r  s ieves.  A l l  reagents were obta ined commercial ly 

and used w i t hou t  f u r t h e r  p u r i f i c a t i o n .  F i n a l  p u r i f i c a t i o n  o f  a l l  products f o r  elemental 

analyses was done by Kugelrohr  d i s t i l l a t i o n  o r  r e c r y s t a l l i z a t i o n .  

React ion of 1 -E thy l  t h i o -  and 1-Dimethylamino-4.4-bis(trifluoroacetyl )-l ,3-butadienes (1 

and 2) w i t h  h i n e s  (Refer t o  Tab le  1); General Procedure: To a  s o l u t i o n  of 115 o r  216 

( 2  mmol) i n  MeCN (10 ml )  was added an amine (1-10 equ iv . ) .  The s o l u t i o n  was s t i r r e d  a t  

room temperature f o r  1 o r  4 h. A f t e r  evaporat ion of t he  so l ven t  under reduced pressure, 

t he  crude products were separated by column chromatography as e l u t e d  w i t h  benzene f o r  

4a-f ,  e t h y l  ace ta te  f o r  3  and 5a-c, and benzenelethyl ace ta te  ( 1 : l )  f o r  recovered 

subs t ra te  2. 
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3-Trifluoroacet~l-2-trifluormethylpyridine (3): oven temperature 120 "CI110 mmHg; i r  

( f i l m )  1750 cm-l; l ~ - n m r  8.92 ( lH ,  d, J=5, H-6), 8.00 ( lH,  d, 5-8, H-4), 7.67 ( lH ,  dd, 

J=5, 8,  H-5). Anal .  Ca lcd  f o r  C8H3NOF6: C, 39.52; H, 1.24; F, 46.89. Found: C, 39.88; 

H, 1.19; F, 46.61. 

3-Trifluoroacetyl-2-trifluoromethyl-2-hydroxy-l-methyl-1.2-dihydropyridine (4a) : oven 

temperature 100 "C120 mmHg; i r  ( f i l m )  3540-2710, 1621, 1508 cm-l; l ~ - n m r  8.70-8.17 ( l H ,  

b r ,  OH), 7.72 ( l H ,  dq, J=2, 7, H-4), 7.02 ( lH ,  d, J=7, H-6), 5.27 ( lH ,  t, 5-7 H-5), 3.33 

(3H, s, C H 3 )  Anal .  Ca lcd  f o r  C9H7N02F6: C, 39.29; H, 2.56; N, 5.09; F, 41.43. Found: 

C, 39.45; H, 2.53; N, 5.00; F, 41.31. 
-. 
l-Ethyl-3-trifluoroacetyl-2-trifluorolnethyl-2-hydroxy-l,2-dihydropyridine (4b): oven 

temperature 100 OC130 mmHg; ir ( f i l m )  3700-2725, 1622, 1508 cm-l; l ~ - n r n r  8.77-7.93 ( lH, 

br,  OH), 7.57 ( lH ,  dq, 5-2, 7, H-4), 7.10 ( lH,  d, J=7, H-6). 5.32 ( lH,  t, J=7, H-5), 4.27- 

3.13 (2H, m, CH2), 1.35 (3H, t, 5.7, C H 3 )  Anal.  Ca lcd  f o r  C10H9N02F6: C, 41.54; H, 3.14; 

N, 4.84; F, 39.42. Found: C, 41.74; H, 3.08; N, 4.77; F, 39.51. 

3-Trifluoroacetyl-2-trifluormthyl-2-hydroxy-l-isobuty1-1,2-dihydropyridine (4c): oven 

temperature 120 'C/20 mmHg; ir ( f i l m )  3580-2475, 1621, 1505 cm-l; l ~ - n m r  8.67-7.83 ( lH ,  

b r ,  OH), 7.53 ( l H ,  dq, 5-2, 7, H-4), 7.03 ( lH ,  d, 5-7, H-6), 5.30 ( lH, t, J=7, H-5), 3.82 

( lH ,  dd, 5.7, 14, CH2), 3.02 ( l H ,  dd, 5.8, 14, CH2), 2.37-1.68 ( lH,  m, CH), 0.93 (6H, 

d, 5-7, CH3). Anal .  Ca lcd  f o r  C12H13N02F6: C, 45.43; H, 4.13; N, 4.42. Found: C, 45.54; 

H, 4.06; N, 4.53. 

3-Tri fl uoroacetyl-2-trifluoromethyl-2-hydroxy-l-isopropyl-l.2-di hydropyridine (4d) : mp 

108-109 "C (hexane); i r  (KBr) 3600-2540, 1622, 1593, 1504 cm-l; l ~ - n m r  9.10-7.73 ( l H ,  

b r ,  OH), 7.57 ( l H ,  dq, J=2, 7, H-4), 7.25 ( lH ,  d, 5-7, H-6), 5.35 ( lH ,  t, J=7, H-5), 4.52 

( l H ,  hp, J=7, CH), 1.40 (3H, d, 5.7, CH3), 1.30 (3H, d, J=7, CH3). Anal.  Calcd f o r  

C11H11N02F6: C, 43.58; H, 3.66; N, 4.62; F, 37.59. Found: C, 43.67; H, 3.57; N, 4.76; 

F, 37.64. 

3-Trifluoroacetyl-2-trifluorocnethyl-2-hydroxy-l-~-butyl-1,2-dihydropyridine (4e): mp 

77-78 "C (hexane); ir (KBr)  3650-2780, 1618, 1590, 1508 cm-l; l ~ - n m r  8.47 ( lH ,  s ,  OH), 

7.50 ( lH ,  dq, J=2, 7, H-4), 7.10 ( lH,  d, J=7, H-6), 5.30 ( l H ,  t, J=7, H-5), 4.42-3.97 

( lH,  m, NCH), 1.85-0.77 (8H, m, CH3, CzH5); 13c-nrnr 179.9 (q, JCF=32.1), 146. l (d) ,  145.3 

(d ) ,  124.7(q, J c ~ = 2 9 6 . 0 ) ,  117.2 (q, JCF=289.9), 101.7 ( s ) ,  97.8 ( d ) ,  86.1 (q, JCF=33.6), 
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53.3 ( d l ,  32.2 (t), 20.0 (q ) ,  10.5 ( q ) .  Anal. Ca lcd  f o r  C12H13N02F6: C,  45.43; H, 4.13; 

N, 4.42; F, 35.93. Found: C, 45.70; N, 4.10; N, 4.46; F, 36.00. 

3-Trifluoroacetyl-2-trifluoromethyl-2-hydroxy-l--methoxyphenyl-1,2-dihydropyridine ( 4 f ) :  

o i l ;  i r  ( f i l m )  3520-2750, 1630, 1500 cm-l; l ~ - n r n r  8.43-8.07 ( l H ,  br,  OH), 7.58 ( l H ,  dq, 

J=2, 7, H-4). 7.20 (2H, d, J.9, Ha,,,), 7.02 ( IH ,  d, J=7, H-61, 6.80 (2H, d, J.9, Ha,,,), 

5.37 (IH, t, J=7, H-5), 3.77 (3H, s, CH3). 

3-(2,2,2-Trifluoro-l,l-dihydroxyethyl)-l-methyl-2-pyridone (5a): mp 134-135 "C (CHC13); 

i r  (KBr) 3200, 1640, 1570, 1550 cm-l; ' ~ -n rn r  (CD3CN-DMSO-d6) 8.30 (ZH, b r  s, OH), 7.83 

( lH ,  b r  d, J=7, H-4),  7.67 ( l H ,  dd, 5.2, 7, H-6),  6.40 ( l H ,  t, J=7, H-5), 3.55 (3H, s, 

CH3); 13c-nmr (DMSO-d6) 163.0 ( s ) ,  141.8 (d ) ,  141.2 ( d ) ,  123.9 ( s ) ,  123.8 (q,  JCF=289.9), 

106.8 ( d l ,  93.4 ( q ,  JCF=32.0), 32.4 ( q ) .  Anal.  Ca lcd  f o r  C8H8N03F3: C, 43.06; H, 3.61; 

N, 6.28; F, 25.54. Found: C, 43.17, H, 3.65; N, 6.42; F, 25.17. 

1-Ethyl-3-(2,2,2-trifluoro-l.l-dihydroxyethyl)-2-pyridone (5b): mp 114-115 "C (CHCl3); 

i r  (KBr) 3320, 1644, 1575, 1552 cm-l; l ~ - n m r  (CDC13-CD3CN) 7.70 ( lH ,  b r  d, J=7, H-41, 

7.40 ( lH ,  dd, J=2, 7, H-6), 7.17 (2H, b r  s, OH), 6.30 ( lH ,  t, 5.7, H-5), 4.17 (2H, q, 

J=7, CHz), 1.35 (3H, t, J=7, CH3) Anal.  Calcd f o r  C9HIONO3F3: C, 45158; H, 4.25; N, 

5.91; F, 24.03. Found: C ,  45.83; H, 4.19; N, 6.02; F, 24.07. 

3-(2,2,2-Trifluoro-l.l-dihydroxyethyl)-l-isobutyl-2-pyridone (5c):  mp 97-98 " C  (CHC13) ; 

i r  (KBr) 3350, 1642, 1571, 1551 cm-l; l ~ - n m r  (LOCI3-CD3CN) 7.73 ( lH,  b r  d, 5.7, H-4), 

7.35 ( lH ,  dd, J=2, 7, H-6), 7.16 (2H, b r  s, OH), 6.30 ( IH,  t, 5.7, H-5), 3.77 (2H, d, 

5.7, CHz), 2.40-1.83 ( lH ,  m, CH), 0.93 (6H, d, J=6, CH3)  Anal.  Calcd f o r  CIIHl4NO3F3: 

C, 49.81; H, 5,32; N, 5.28; F, 21.49. Found: C, 49.84; H, 5.26; N, 5.46,; F, 22.01. 

l-p-Methoxyphenylamino-4,4-bis(trif1uoroacetyl)-l,3-butadiene ( 6 ) :  mp 127-128 " C  

(benzene); ir (KBr)  3180, 1685, 1630, 1558 cm-l.  Ana l .  Calcd f o r  C15H11N03F6: C, 49.06; 

H, 3.02; N,  3.82; F, 31.05. Found: C, 48.72; H, 2.93; N, 3.76; F, 31.10. 
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