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Abstract---The Mo(C0)--induced reac t ion  of 3-methyl-5- 

(2-oxoalkyl)isoxazoles, which a r e  der ived th rough  proton-  

abs t r ac t ion  of 3,5-dimethylisoxazole followed by t rea tment  

with e s t e r s ,  gave pyridin-4(1H)-ones i n  good t o  modest 

y ie lds  i n  a s ing le  s tep .  

We have  p r e v i o u s l y  f o u n d  t h e  optimum c o n d i t i o n s  f o r  t h e  m e t a l - c a r b o n y l - i n d u c e d  

[Mo(CO)e,' Fe(C0)5,2 and Fel(CO),zl f a c i l e  N 4  bond c leavage of t h e  i soxazole  (I).='= Con- 

cerning t h e  complexed isoxazole  2, a poss ib le  de loca l i za t ion  of a n-d e l e c t r o n  from t h e  

c e n t r a l  me ta l  t o  t h e  LUMO of .  t h e  i s o x a z o l e  is e x p e c t e d  t o  f a c i l i t a t e  t h e  N - 0  bond  

cleavage under  mild condi t ions  t o  give t h e  v i n y l n i t r e n e  complex 3, which would g i v e  8- 

amino enone (4) i n  t h e  presence of The r eac t ion  has been successful ly  appl ied  

f o r  t h e  synthes is  of seve ra l  i n t e r e s t i n g  compounds, which a r e  n o t  ava i l ab le  by using t h e  

c a t a l y t i c  hydrogenation of i soxazole  r ing  giving 0-amino enones (Scheme 

R e c e n t l y ,  1 - s u b s t i t u t e d  pyridin-4(1H)-ones a n d  pyran-4-ones have  b e e n  c o n v e n i e n t l y  

p repa red  th rough  t h e  e l e c t r o p h i l i c  a t t a c k  of e s t e r s  t o  t h e  a ' -pos i t ion  of d i a n i o n s  of  

6-monosubstituted-amino-a,@unsaturated ketones  and t h e  subsequent cycl iza t ion of t h e  

Scheme  1 .  M(CO). = MO(CO),, F ~ ~ ( c o ~ ,  Fe(COk 
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~ r o d u c t s . ~  Al though many s y n t h e t i c  methods of pyridin-4(1H)-ones have appeared, t h e  

s tudy prompted us  t o  r e p o r t  o u r  r e s u l t s  concerning t h e  preparat ion of pyridin-4(1H)-ones 

via isoxazole route .  

I t  is wel l  known t h a t  t h e  r e g i o s p e c i f i c  r e a c t i o n  of 3,5-dimethylisoxazole with var ious  

e l ec t roph i l e s  including e s t e r s  in  t h e  presence of a l k a l i  metal amide in  l iquid ammonia oc- 

c u r s  a t  t h e  methyl group a t  t h e  5 - p o ~ i t i o n . ~  Thus we applied a modified method f o r  t h e  

p r e p a r a t i o n  of 3-methyl-5-(2-oxoalkyl)isoxazoles la-c. A f t e r  a s o l u t i o n  of of 3,5- 

d imethy l i soxazo le  was t r e a t e d  wi th  l i thium diisopropylamide i n  te t rahydrofuran,  e s t e r s  

were added t o  t h e  cold  (-90 'C) solut ion.  Then t h e  usual  workup afforded 3-methyl-5-(2- 

oxoalkyl)isoxazole l a , 7  Ib,-  and i n  44%, 64%, and 30% yields,  respect ively  (Scheme 

2) .  The highest  yield was obtained i n  t h e  r eac t ion  with methyl benzoate.  This f a c t  im- 

p l i e s  a trans-metalation reaction,  which would occur between t h e  isoxazole anion and t h e  

e s t e r  having acidic hydrogen a t  t h e  a-position. 

LDA 

- 90 "C CH, Li R3 

The thermally induced react ion of i soxazoles  la-c with Mo(C0)- in  ace ton i t r i l e  was ca r r i ed  

Out under ref lux.  The react ion mixture was then  purified by t l c  on s i l i c a  ge l  t o  give 

pyridin4(lH)-ones l l a , s  1 l b , l o  and l l c .  The p r o d u c t s  l l a  a n d  l l b  a r e  known, a n d  t h e  

s t r u c t u r e s  were  confirmed on t h e  b a s i s  of comparison of t h e  physical  d a t a  with those  

r e p o r t e d  i n  t h e  l i t e r a t u r e s .  The compound l l c  is new a n d  t h e  s t r u c t u r e  was a l s o  

assessed on t h e  similari ty of t h e  s p e c t r a l  d a t a  with those  of 1la.b. The react ion condi- 

t ions  and t h e  yie lds  of t h e  products  a r e  summarized in  Table 1. 

The present  react ions  a r e  bes t  explained by t h e  pathways shown i n  Scheme 3.= There is 

a complex format ion of 7a-c with MO(CO)~ t o  g ive  Ba-c, and  t h e  s u b s e q u e n t  N-0 bond 

cleavage gives t h e  complex 9a-c. In t h e  absence of water (Table 1, e n t r i e s  1 and 3) no 

identified product  was obtained. On t h e  con t ra ry ,  addit ion of water furnished t h e  yie lds  

of l l a , b  ( en t r i e s  2 and 4). The requirement of water is c l e a r l y  demonstrated in  t h e  
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10a - c Ira - c 

Scheme 3. a: d = CY; b: R 3  = Ph; C: R 3  = CY(CH2)ro 

Table 1. Results of t he  reaction of 7a-c with Mo(CO)B' 

Entry Substrate Solvent HIOb Reactiontime/h Product Yield/% 

1 7a CHXN none 1.0 -- -- c 

2 7a CHXN 25 1.5 lla 89 

3 7b CH&N none 1.3 -- -- c 

4 7b CH-CN 25 1.5 l l b  32 

5 7c CH.CN 10 1.0 l l c  29 

6 7c CH&N 25 1.0 l l c  41 

7 7~ CH&N 100 1.5 llc 89 

a. Heated under reflux unt i l  7a-c disappeared completely. b. Molar 

equivalent amounts toward 7a-c. c. No identified material was obtained. 

yields of l l c  (entries 5-7). In our previous papers, the intramolecular condensation of 

the complexed vinylnitrene with the carbonyl group w a s  demonstrated.'> However, t h e  

direct  condensation of 9a-c t o  give l l a - c  seems t o  be less  important in t he  present reac- 

tions, and the complexes 9a-c has t o  be hydrolyzed t o  give t he  enamine derivatives 10a-2, 

which t hen  undergo t h e  condensation t o  give pyridin4(1H)-ones lla-c in good t o  modest 

yields. The benzoyl group seems t o  be less  reactive in  t he  condensation reaction (entry 

4). 
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In conclusion, s ince  t h e  i soxazoles  having var ious  (2-oxo)alkyl g roup  a r e  eas i ly  avai lable  

and t h e  MO(CO)s-induced N-3 bond cleavage is a l s o  simple, t h e r e f o r e  t h e  p resen t  react ion 

provides a convenient r o u t e  f o r  t h e  p repa ra t ion  of pyridin-4(1H)-ones. 

EWERIHEKPAL 

I r  s p e c t r a  were recorded on a Shimadzu IR-400 s p e c t r o p h o t o m e t e r .  The mass a n d  h igh  

resolut ion mass s p e c t r a l  s tud ies  were conducted using a Shimadzu GCMSaPlOOO and a JEOL 

DX-300 spectrometers.  IH-Nmr s p e c t r a  were recorded on a Hi tach i  R-24 s p e c t r o m e t e r  i n  

CDCI., a n d  c h e m i c a l  s h i f t s  w e r e  g i v e n  i n  ppm (6) r e l a t i v e  t o  i n t e r n a l  SiMe,. 

Microanalyses were pe r fo rmed  at t h e  Sc ience  a n d  Eng inee r ing  r e s e a r c h  L a b o r a t o r y  of 

Waseda University. M p s  were recorded on a Buchi appara tus  and are uncorrected .  

G e n e r a l  P r o c e d u r e  f o r  t h e  P r e p a r a t i o n  o f  7a.b.c. A s o l u t i o n  of LDA ( l i th ium 

diisopropylanide) was prepared by t h e  r eac t ion  of d i i sopropy lamine  (2.43 g, 24 mmol) i n  

d r y  THF ( t e t r a h y d r o f u r a n )  (10 m l )  with  b u t y l l i t h i u m  (22 mmol, 14 m l  of  1.6 M hexane 

solut ion)  at 0 "C. To a s t i r r e d  s o l u t i o n  of 5 (1.94 g, 20 mmol) i n  d r y  THF (40 m l )  was 

added a so lu t ion  of LDA at -90 'C ove r  30 min, and t h e  mixture was s t i r r e d  f o r  ano the r  1 

h at -90 O C  and warmed t o  room temperature.  Af ter  t h e  r eac t ion  had been quenched with 

h y d r o c h l o r i c  a c i d  (1%). t h e  mixture was e x t r a c t e d  with CH,Cl1. The e x t r a c t  was washed 

with aqueous NaHCO, solut ion,  d r i e d  ove r  NazSO,, and evaporated .  The res idue  was then  

p u r i f i e d  by d i s t i l l a t i o n  o r  b y  column chromatography followed by r e c r y s t a l l i z a t i o n  t o  

give la (44%), 7 b  (64%), a n d  7c  (30%). l a :  b p  85 'C (266.6 Pa).7 l b :  mp 72-73 C (from 

hexane-benzene) ( l i t . ,e  72 'c). I c :  mp 60-61 ' C (from EtOH); 'H-nmr (60 MHz) 6 0.91 (3H, t ,  

J 4 . 0  Hz), 1.26-2.45 (20H, m), 3.70 (2H, s ) ,  5.99 (lH, s); ir (CCL) 1726 cm-'; m s  (m/z) 279 (r, 5), 

97 (100). Anal. Calcd f o r  C17H..N02: C, 73.07; H, 10.46; N, 5.01. Found: C, 72.95; H, 10.71; N, 

4.89. 

General Procedure f o r  t h e  Reaction of 7a.b.c with Mo(M)~.  A so lu t ion  of la,b,c (1 mmol) 

and Mo(C0)- (132 mg,0.5 m m ~ l ) ~  i n  d r y  o r  moist CH,CN (20 ml) was heated  under  r e f l u x  f o r  a 

per iod indicated  i n  Table 1. The reac t ion  mixture was f i l t e r e d  th rough  Cel i te  t o  remove 
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insoluble  materials ,  and t h e  f i l t r a t e  was concentra ted .  The res idue  was then  pur i f ied  by 

t l c  on s i l i c a  ge l  t o  give t h e  products .  The r eac t ion  condi t ions  and t h e  y ie lds  of t h e  

p roduc t s  a r e  summarized in Table 1. lla: mp 220-221 'C (from EtOH) (lit. ,e 225 'C). l l b :  

mp 232-233 C (from AcOEt-EtOH) ( l i t . , l o  235-237 ' C). llc: mp 66-67 'C (from hexane-CClJ; 

'H-nmr (60 MHz) 6 0.87 (3H, t, J 4 . O  Hz), 1.25-2.43 (20H. m), 6.18 (ZH, s);  ir (CCI,) 1625 cm-I; m s  

(m/z) 263 (T, 33), 123 (100). High m s  Calcd f o r  C1,H,,NO: 263.4222. Found: 263.2253. 
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