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NEW SYNTHETIC APPROACHES TO 4(1H)-PYRIDINONE DERIVATIVES 
THE SYNTHESIS OF 3-ACYL-4(1H)-PYRIDINONES 
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A b s t r a c t  - The syn thes i s  o f  3-a lkanay l  and 3-benzoylpyr idin-4-oner i s  described from 

1,3-diketones (5.11) or t h e ? ?  equ i va len t s .  A  novel C ' - a c y l a t i a n  o f  enaminones i s  

descr ibed.  

The ou t s tand ing  a c t i v i t y  o f  f l u r i d o n e '  (1) ar a t e r r e s t r i a l  and an aqua t i c  h e r b i c i d e  has 

~ t i m u l a t e d  c o n s i d e r a b l e  work in these l a b o r a t o r i e s  toward  d i scove r i ng  a l t e r n a t i v e  methods for t h e  

syn thes i s  o f  3 . 5 -d i subs t l t u t ed  4 ( 1 ~ ) - p y i d i n o n e r . ~ - ~  As p a r t  o f  o u r  c o n t i n u i n g  s tud ies ,  we 

r e p o r t  i n  t h i s  a r t i c l e  t h e  syn thes i s  o f  3-acyl-5-aryl-4(1H)-pyridinones (L). 
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The f a c i l e  s y n t h e s ~ s  o f  a pyr ld inone w i t h  a 3-carbaethoxy func t i on  repor ted e a r l i e r 3 ,  prompted u s  

t o  attempt the  a c y l a t i o n  o f  a s u b s t i t u t e d  d i e t h y l s t y r y l m i n e  ~ 7 t h  d iketene under analogous 

conditions. The presence o f  t he  requ i red  8-ketoacylstyrylamine could not  be detected i n  the  

react ion mix ture.  Th is  f a i l u r e  was a t t r i b u t e d  t o  the i n t e r v e n t i o n  o f  an eno la te  form o f  the 

dicarbonyl group i n  t h e  in termediate which can r e a d i l y  c y c l i z e  t o  a pyranone derivative w i t h  

e l im ina t ion  o f  d i e t h ~ l a r n i n e . ~  Therefore, we next  attempted t o  cons t ruc t  t he  pyr id inone r i n g  

around a preformed s-d icarbonyl  system. The condensation of  subs t i t u ted  phenylacet ic  a c i d  es te rs  

w i t h  methyl a l k y l  ketones by MGhlemann's procedure6, gave the  requ i red  8-diketones (5 )  i n  a s t a t e  

of  high p u n t y .  01s-formylat ian w i t h  an excess o f  N,N-dimethylfarmamide d~rne thy l  ace ta l  a t  

react ion temperatures below 150' fo l lowed by annelat ion w i t h  aqueous 40% methylamine i n  THF gave 

3-keto-4(1H)-pyridinane de r i va t i ves  (7 )  i n  y i e l d s  ranging from 10 t o  63% based on 8-d1ketone 

(Scheme 1). 

A t t m p t ~  t o  apply Miihlemann'r r e a c t i o n  condi t ions6 t o  the  a r y l  methyl ketones (8 )  were 

~nsUcCesSfu1 as self-condensation was more f a c i l e  than the des i red  Claisen react ion.  A convenient 

a l t e rna t i ve  meaw o f  e f fec t i ng  a c y l a t i o n  war t o  conver t  t he  s r y l  methy l  ketones i n t o  t h e i r  

rnorpholine enamines by  r e f l u x i n g  i n  to luene w i t h  an excess o f  rnorpholine us ing  p- to luenesul fan ic  

ac id  as a ca ta l ys t .  Rapid separat ion o f  water was monitored i n  a Dean Stark  t rap.  Acy la t i on  o f  

the enamines (9)  w ~ t h  r u b s t l t u t e d  a r y l  or ary laxyace ty l  ch lo r i des  was unevent fu l  and af forded 

E,Z-mixtures of  en am in one^.^ These were u s u a l l y  hydrolyzed w t h a u t  p u r i f i c a t i o n  t o  the  requ i red  

8-diketones (11) and an annelat ion sequence3 gave t h e  requ i red  3-benzay1-4(1H)-pyridinone5 (12)  

(Scheme 2). 
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mCF3-Ph- wCF3Ph- 115-116 27 

Ph- m-C F ~ - P ~ -  140-141 22 

mCF3-Ph- PhO- 170-172 56 

In t he  instance o f  pyr id inones (2) w i t h  c e r t a i n  sub r t i t uen ts  lR=1.1-dimethylethyl. 1.1-di- 

methylpropyl o r  methoxymethyl), both o f  the preceding rou te r  f a i l e d  t o  a f f o r d  product i n  amounts 

requ i red  for  b i o l o g i c a l  evaluat ion, though t r a c e  amounts were present. Th is  r e c a l c i t r a n c e  could be 

due t o  s t e r i c  hindrance posed by the 5 -a l ky l  groups i n  the condensation steps (Mh\lemann procedure) 

and by the  res i s tance  o f  5 -a l ky l  methyl ketones toward enarnine 

We therefore developed a new approach t o  the requi red pyridinones, us ing as the key s tep a h i t h e r t o  

unreported enaminone acy la t i on  react ion.  While the  a l k y l a t i o n  o f  r e l a t e d  enaminones has been 

r e c e n t l y  repo r ted  by others1"12 a t  t he  s ' -pos i t i on ,  no reports o f  appear i n  the  

1 i t e ~ a t u r e . l ~  Thus, treatment o f  enaminone (15]14 w i t h  LDA i n  THF a t  -80 '~  gave the  anion 

(13). which was smoothly acy la ted w i t h  the requ i red  5-alkanoyl c h l o r i d e  or the a lkoxyacety l  

ch lo r i de ,  respec t i ve l y ,  t o  g i v e  a ' -acy la ted enaminones, which could be cyc l i zed  t o  t h e  requ i red  

pyr id inones i n  t h e  usual manner.' The o v e r a l l  syn the t i c  route i s  shown i n  Scheme. 
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I n  summary, we have extended our p y r i d i n e  r i n g  syn thes i s  t o  g i v e  us 3-acyl-  and 3-benroyl-4(1H)- 

pyr id lnones e ~ t h e r  from @-diketone p recu rso rs  o r  v i a  unprecedented o ' - a c y l a t i o n  o f  enaminones. The 

v e r s a t i l i t y  o f  t h e r e  r o u t e s  enab les  one t o  prepare  p y r i d i n e  r i n g s  w i t h  a p l e t h o r a  o f  d i f f e r e n t  

subs t l t uen t  groups i n  t h e  3  and 5-pos i t ions .  15 

EXPERIENTAL SECTION 

1-(wTrifluoromethylphenyl)-pentan-2.4-dione (5a) :  

To a s t i r r e d  suspension o f  40 g  (1 mal)  a f  sod~urn  amide i n  400 rnl o f  anhydrous e t h e r  under Nz a t  

3 0 ' ~  was added a m i x t u r e  a f  116 g  (0.5 mol)  o f  e t h y l  _mtnf luoromethy lphenylacetate and 40 g  

(0.68 mol)  o f  acetone, d ropwi re  over  1 hour. V igorous r e f l u x  and e v o l u t i o n  o f  ammonia occu r red  

dur ing  add i t i an .  A f t e r  add i t i on ,  t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  for 4  hours and t hen  c a u t i o u s l y  

poured i n  one  ba t ch  i n t o  1.5 L o f  i c e  water  w ~ t h  s t i r r i n g .  One l i t e r  o f  e t h e r  was added and t h e  

unreacted components were e x t r a c t e d  i n t o  t h e  o r g a m c  phase. The c l e a r  aqueous e x t r a c t  war  

acidified t o  pH 5.0 w i t h  ZN HCI and then t o  pH 7.5 w i t h  sodium b i ca rbona te  s o l u t i o " .  Three 

ex t r ac t i ons  w i t h  500 ml p o r t i o n s  o f  e t h e r  gave anamber  s o l u t i o n  which was d r i e d  (MgS04) and 
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evaporated -- i n  vacuo t o  g i v e  55 g  (45%) o f  t h e  c rude d7ketone. F r a c t i o n a l  d i s t ~ l l a t i o n  gave 22 g  

(16  rec . )  o f  pure  t i t l e  compound, bp 1 0 9 - 1 1 0 ~ ~ / 0 . 4  nm. Subsequent runs on l a r g e r  s c a l e r  gave 

d i s t i l l e d  y i e l d s  r a n g i n g  from 30 t o  40 . NMR (COC13) a Ppm: 2.01 (s, 3H,-CH3); 3.63 (s, 2H, 

-CH2-); 5.45 ( r ,  lH ,  =CH-, eno l ) ;  7.2-7.6 i m ,  4H, aromat ic ) .  Anal. Ca lcd  f o r  C12HllF302: 

C, 59.02; H, 4.54; F, 23.34. Found C, 58.78; H, 4.48; F, 23.30. 

3-Acetyl-1-methyl-5-(a,m,~-trifl~0r0-m-tolyl)-4(1H)-pryidinone ( l a ) :  - 

To 100 g  o f  d i ke tone  (5.3) was added 400 rnl o f  N,Ndimethylfonnamide d ~ m e t h y l  a c e t a l  and t h e  mixture 

waO s t i r r e d  f o r  14  hours  a t  r e f l u x  temperature. The excess acetal  war  recovered by  d i s t i l l a t i o n  g 
vacua. The v iscous brawn a i l  rernalning was d i s s o l v e d  i n  1 L o f  THF and t r e a t e d  w i t h  100 ml o f  40% - 
aqueous methylamine s o l u t i o n .  A f t e r  s t l r r l n g  fo r  3  days t h e  r e a c t i o n  mixture was s t r i p p e d  and 

t aken  up i n  CHC13, washed w i t h  1N HCI t hen  sa tu ra ted  aqueous NaCl s o l u t i o n ,  d r i e d  (MgS04) and 

s t r i pped .  S t i r r i n g  under 500 ml o f  d l i s o p r o p y l  e t h e r  gave 76 g  (63%) o f  t h e  t i t l e  cmpound as a 

w h i t e  c r y s t a l l i n e  s o l i d .  NMR (CDC13) a ppm: 2.73 (8, 3H, COCH3); 3.80 ( s ,  3H, N-CH ); 7.4 3  

(d, J=2.75 Hz, 5H p y r i d i n o n e ) ;  8.17,(d, 5.2.75 Hz, HZ pyr id inone) ;  7.6-7.8 (m, J=4 Hz, 

a romat ic ) .  Anal. Calcd. f o r  C15H12F3N02: C, 61.02; H, 4.07; N, 4.75. Found: C, 60.72; H, 

4.30; N, 4.87. 

l-Methyl-3-pivaloyl-5-(~,o,~-trifluora-wto1yl)-4(lH)-pyrid~none ( 17a l :  

TO a s o l u t i o n  o f  3.9 g  o f  d i i sop ropy la rn i ne  i n  175 ml o f  anhydrous ( L i n d e  4A) THF was added a t  

- 6 0 ' ~  a s o l u t i o n  o f  16  mi o f  2.4M 2-8uLi i n  hexane, dropwise over 15 minuter .  A f t e r  r t ~ r r i n g  f o r  

40 minutes  a s a l u t ~ o n  o f  10.0 g  o f  enaminone (15a) i n  50 ml o f  THF and 25 m i  o f  HMPTA was added 

dropwise Over 30 mlnutes. The m i x t u r e  was s t i r r e d  for 1 hour t o  genera te  t h e  enaminone an ion  and 

a t  - 6 0 ' ~  was added dropwise a s o l u t i o n  o f  4.7 g  o f  p i v a l o y l  c h l o n d e  i n  25 ml o f  THF. The 

s o l u t i o n  Was S t i r r e d  t o  room tempera ture  ove rn i gh t .  A f t e r  quenching t h e  r e a c t i o n  w i t h  KH2P04 

t h e  r e a c t i o n  m i x t u r e  was p a r t i t i o n e d  between e t h e r  and water.  

The e t h e r  l a y e r  was separated, d r i e d  (NgSO4) and s t r i p p e d  t o  give crude e n a m n o d i m e  (16a).  

Chromatography over  s i l i c a  g e l  (Woelm, a c t i v i t y  1 )  us i ng  grad ient  e lu t ionwi thEtOAc/CH2C12 gave 

3.6 g  o f  t h e  enamindione (16a).  NMR (COC13) 6 ppm: 1.03 ( 5 ,  9H, i - B u t y l ) ;  2.78 ( r ,  6H, NMe2); 

5.03 (s, lH, =CH- e n o l ) ;  7.53 (m, 4H, a rama t l c ) ;  7.76 (s, lH, =CH-N). The enarninodione was 

d i s s o l v e d  i n  17  ml o f  N,N-dimethylformamide d i rne thy l  a c e t a l  and war r e f l u x e d  i n  an o i l  ba th  a t  

1 0 0 ' ~  o v e r n i g h t  under n i t r ogen .  The r e a c t l o n  m ix tu re  was s t r ipped d r y ,  and t h e  remain ing  o i l  was 

d i s s o l v e d  i n  120 m l  o f  THF and t r e a t e d  w i t h  15.0 m l  o f  4G% aqueous methylamine s o l u t i o n .  The 

r e a c t i o n  war over  i n  50 minutes  and was s t r i p p e d  t o  a brawn o i l .  Chromatography over  s i l i c a  g e l  



(WO~I~, a c t i v i t y  1) u s i n g  EtOAc/CH2CI2 gave 0.63 g (17% based an enaminodione) o f  t h e  r e q u i r e d  

pyr idinane, rnp 85 -88 '~  (hexane).  NMR (COCI3) a ppm, 1.25 ( s ,  9H, i - B u t y l ) ;  3.81 ( s ,  3H, 

N-CH 1; 7.6-8.3 ( m ,  6H, p y r i d i n o n e  p ro tons  + aromat ic ) .  Anal. Calcd. f o r  C18H18F3N02: C, 
3 

64.09; H, 5.38; N, 4.15. Found: C, 63.99; H, 5.16; N, 4.12. 

l-Phenaxy-4-(~,~,~-trifluoro-m-tolyl)-butan-2,Cdione ( l l c ) :  

To 38.0 g o f  1-morpholino-E(trifluaromethyl)styrene15 d i s s o l v e d  i n  400 ml o f  anhydrous e t h e r  was 

added 7.9 g o f  p y r i d i n e ,  and a t  0-5% was added a s o l u t i o n  o f  17  g (0.1 mol )  o f  phenoxyacety l  

ch l o r i de  i n  200 rnl o f  anhydrous e t h e r  d ropv i se  ove r  3 hours.  The s o l u t i o n  was s t i r r e d  t o  roam 

temperature ove rn i gh t ,  f i l t e r e d  and s t r i pped .  The r e s u l t ~ n g  sem i - so l i d  was d i s s o l v e d  i n  1 L o f  

benzene and t o  l t  was added 480 ml o f  10% h y d r o c h l o r i c  a c i d  aqueous s o l u t i o n ,  and t h e  m i x t u r e  w a r  

s t i r r e d  under r e f l u x  f o r  2 hours. 

The benzene s o l u t i o n  was separa ted and washed w i t h  sodium b i ca rbona te  s o l u t i o n  and s a t u r a t e d  sodium 

c h l o r i d e  s o l u t i o n ,  and d r i e d  (MgSO.,). Removal o f  benzene inn, gave an amber 011 wh ich  was 

made a n a l y t i c a l l y  pu re  by  column chromatography (Uoelm s i l i c a  g e l  a c t i v i t y  1, to l uene  as e l u t i n g  

so lvent )  and a f fa ided 11.5 g (24%) of compound. Anal. Calcd. f o r  C18H15F303: C. 63.35; H, 

4.04. Found: C, 63.13; H, 4.17. 

1-Meth~l-3-phenoxy-5-(m-Trifluoromethyl)-phenyl-4(lH)-pyridinone ( 12b l :  

To 1.3 g o f  the  phenoxydiketone ( l l b )  i n  30 m l  o f  d r y  t o l uene  was added 4.0 ml o f  

N,N-dimethylformamide d lme thy l  aceta l .  The m i x t u r e  war heated under r e f l u x  f o r  

. 18 hours and evapora ted t o  dryness 3 e. The o i l y  r es i due  was d i s s o l v e d  i n  200 m l  o f  THF and 

15.0 ml o f  40% aqueous methylamine s o l u t i o n  was added. The r e a c t i o n  war moni to red by  t l c  u n t i l  

homogeneous, then s t r i p p e d  d r y  and t h e  r e s u l t i n g  semi -so l id  mass t r i t u r a t e d  under d i i s o p r o p y l  

ether.  A c r y s t a l l i n e  s o l i d ,  rnp 170-172'~. war obta ined,  i n  0.85 g (56%) y i e l d .  NMR (C0Cl3) a 

ppm: 3.65 (s, 3H, N-CH3); 7.W3.3 ( m ,  11 H, p y r i d i n o n e  and aromat ic ) .  Anal. Calcd. f o r  

CzOHl4F3NO3: C, 64.35; H, 3.78; N, 3.75. Found: C, 64.33; H, 4.00; N, 3.55. 
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