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Abstract - A  convenient synthesis of 3,3,5-trimethoxy-2-pyrro- 

lidinone 1 by using a reaction of oi-halo-P-formylacrylic 

acid [3-halo-5-hydroxy-2 (5H) -furanonel (3&) with alkoxide is 

described. An investigation for synthesis of 2.3-pyrrolidine- 

diones is also mentioned. 

In our previous report," we showed that 5-ethoxy-2-pyrrolidinone (11 was a useful 

intermediate for the synthesis of 5-amino-2-pyrrolidinone derivatives, because the 

ethoxy group at the 5-position was easily substituted by the reaction wlth nucleo- 

philes - via a highly reactive intermediate, iminium ion (21. Thls result suggested 

that 5-alkoxy-2-pyrrolidinones were expected to be valuable reagents to modify 

amlno groups in biological substances such as amino acids or nucleosides. In this 

communication, we describe a new synthesis of more functionalized2-pyrrolidinones, 

3,3,5-tr~methoxy-2-pyrrolidinones (JLaL) and its related compounds, by using a 

convenient reaction of b-halo-/l-formylacrylic acid [3-halo-5-hydroxy-2(5H)-furan- 

one1 (%-A) with alkoxide followed by a reaction of pseudoesters ofp-formyl- 

propionic acid wlth amonia. 

Nu- 

H 
1 - 2 - 

Treatment of mucochloric acid ( 2 1  with sodium methoxide ( 3  eq. mol) in methanol 

1-10 - +5-C, 24 hrl followed by acidification with methanolic hydrogen chloride 
afforded slightly yellow oil, which on preparative medium pressure liquid 

chromatography2) gave the methoxylactone (el as colorless crystals in 508 yield, 



5a: Y=CI - 
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Scheme 1. 
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Table 1. Reaction of E-halo- , - formylacryl ic  a c i d s  (@-dl with  sodium methoxide. 

s t a r t i n g  Reaction Products  ( 8 )  Phys ica l  d a t a  of me thoxy lac tones (4~-E)  
Mate r i a l s  Condi t ions  2 4 5 5 9 mp(OC) ~ ~ ( c m - ' )  NMF\(& ,CDC13) JMnr 

3a ,., -10*+50C - 50 8  7  4 - 9ua 1795(C=O) 4.06(H4) 5.22(H5) 5Hz 
24hr 

-10-+5"C - 4 j  - - 
% 4hr 6 

55ab 1785(C=O) 2 ' 2 5 ( H 4 )  5.48(H51 
5Hz 

-10++5'C _ 41 - - 3 2 .68(H4' )  5.5Hz 3d 15hr (J*H;=13Hz) 

a) Rec rys ta l l i zed  from hexane. b) bp 109'C(6mmHg). 
C I  S a t i s f a c t o r y  e lementa l  ana lyses  were obta ined f o r  4 and 5.  Phys ica l  d a t a  a r e  

l i s t e d  i n  t h e  l a s t  s e c t i o n  of t h i s  paper ,  excep t  f o r  4. 
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along wi th  l e s s e r  amount of La ( 8 % ) .  & ( 7 % ) ,  and > ( 4 % ) .  The s t r u c t u r e s  of 

these  products  were determmed by s p e c t r a l  ana lyses  and by chemical  conversion 

with  10% hydroch lo r i c  a c i d  t o  t h e  known mucoxychloric a c l d  ( g )3 ) ,  r e s p e c t i v e l y .  

4a and La were b r i e f l y  hydrolyzed wi th  1% hydroch lo r i c  acid t o  g ive  t h e  hydroxy- - 
l a c t o n e  (;La), q u a n t i t a t i v e l y .  Treatment of 3 with  methanol i n  t h e  presence  of 

c a t a l y t i c  amount of hydrogen c h l o r i d e  a t  room temperature  regenera ted  a mlxture of 

4a and 3 ( 1 0 : 1 ) ,  b u t  when re f luxed  i n  methanol, gave a mixture of and La - 
1 :  Because 9 was always predominant i n  t h e s e  r e a c t i o n s ,  t h e  r e l a t i v e  

conf igura t ion  of  9 was recognized a s  t r a n s  and t h a t  o f  a as e. A mechanism 

f o r  t h e  formation of  t h e s e  compounds i s  assumed a s  shown in Scheme 1. ~ n a l o g o u s l y ,  

t h e  r e a c t i o n s  of mucobromic a c i d  (Lb) , 3-chloro-5-hydroxy-2 (5H) -furanone (g) , and 

3-bromo-5-hydroxy-2(5H)-furanone (s) wi th  sodium methoxide were c a r r i e d  o u t  t o  

g ive  t h e  corresponding methoxylactones (G and%) i n  moderate y l e l d s  ( s e e  Table 1). 

Because t h e s e  l a c t o n e s  (9-2) were regarded a s  t h e  pseudoes te r s  of P-formylpropio- 

4 )  n i c  a c i d ,  they were expected t o  undergo ammonolys~s t o  g ive  hydroxylactans  . 
Thus, k c  were t r e a t e d  wi th  aqueous ammonia under ice coo l ing  t o  g ive  t h e  d e s i r e d  

hydroxylactams (lJIa0). r e s p e c t i v e l y  ( s e e  Table 2 ) .  The convers ion of 1La;c t o  

t h e  corresponding methoxylactams (Ea;c) was performed by r e f l u x i n g  a methanol 

s o l u t i o n  con ta in ing  a c a t a l y t i c  amount of  hydrogen c h l o r i d e  ( s e e  Table 3 ) .  A con- 

s i d e r a b l e  amount of +-isomers was no t  d e t e c t e d .  

F i n a l l y ,  t h e  s y n t h e s i s  o f  2 ,3-pyrrol id inediones  was at tempted.  Hydrolys is  of 100 

o r  il& with  10% hydroch lo r i c  a c i d  [room temp., 10 minl followed by c a r e f u l  evapo- 

r a t i o n  of water  gave t h e  uns tab le  ketolac tam ( I Z ) 5 ' l n  55% y i e l d .  The s t r u c t u r e  of 

12 was confirmed as keto-form by i t s  NMR spectrum ( i n  DMSO) which showed t y p i c a l  - 
signals of  ABX system. I n  c o n t r a s t  wi th  above r e s u l t ,  it was found t h a t  12 e x i s t -  

ed i n  D 0 as t h e  e q u i l i b r i u m  mixture (1:l) of t h e  keto-form (12) and t h e  =-diol- 2 

form However, n e i t h e r  t h e  en01 tautomer nor  open-chain isomer were 

d e t e c t e d .  On t h e  o t h e r  hand, d e k e t a l i z a t i o n  of @ and 2, having halogen atom 

a t  t h e  4 -pos i t ion ,  was n o t  e s t a b l i s h e d  even under a d r a s t i c  cond i t ion  i r e f l u x ,  10% 

H C l I .  This r e s u l t  sugges t s  t h a t  t h e  s t a b i l i t y  of a k e t a l  func t ion  a t  t h e  3- 

p o s i t i o n  inc reased  by t h e  e l e c t r o n  withdrawing e f f e c t  of an a d j a c e n t  halogen atom. 

In  conc lus ion ,  t h e  r e a c t i o n  desc r ibed  above provides  a convenient  method f o r  t h e  

s y n t h e s i s  of 3,3,5-trialkoxy-2-pyrrolldinones. F u r t h e r  m v e s t i g a t i o n  t o  in t roduce  



Table 2. Synthesis of 5-hydroxy-2-pyrrolidinones (%a-g) 
starting Reaction Product Physical data of Oa 2 
Materials Conditions (%I mp('C1 IR(cm- &*- ) NMR(~, Acetone-d6) 

4," ODC, Smin 75 163 1715(C=OI li02(C=OI 4.08(H4) 5.07(H5) 

4c ODC, 5min 76 - .  oil 171O(C=O) 2'12(H4) 2.53(H4') 5.27(H5) 

Table 3. Synthesis of 5-methoxy-2-pyrrolidinones (lla-.c.) . .. w- - 
Starting Reaction Product Physical data of lla-s 
Materials Conditions ( % )  mp('C) IR(c~-'~" NMR(~, CDC13) JHIU( JHIHS 

10 reflux, lhr 99 1 3 7 ~  1728(C=O) 4.12(H41 4.78(H5) ZHZ 

LO; reflux, lhr 91 1 4 4 ~  1725(C=0) 4.15(H4) 4.95(H51 ZHZ 

reflux, lhr 71 1720 (C=0) 2.15(H4! 2.45(H4 ) 4.83(H51 14Hz iiz 
a1 Recrystallized from hexane. 

nitrogen functions at the 5-position by the reaction of the methoxylactams (Lla-c) 

with nucleophiles such as nucleosides is now undertaken. 
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51 12, mp-25O~C(decomp.); I R ( K H ~ I C ~ - ~ :  3200(br, NH, and OH), 1760(C=O), 1710(C=0); 

NMR(DMS0-d 18. 2.34 and 3.01(2H, AB of ABX, JAB=19.5Hz, H41, S.l(lH, br, OH), 
6 .  

5.38(1H, X of ABX, JAX=2Hz, J BX =6Hz, H5), 10.1(1H, br, NH); MS m/z: 115(~+1. 

6) NMR(D2016: 2.23 and 2.70(2H, AB of AHX, JAB=13.5Hz, H4 of E),  2.68 and 3.25 
(ZH, AH of ABX. J =19.5Hz, H4 Of 2). 4.75(4H, s ,  exchangeable proton), 5.39 AB 

(1H. X of ABX, JAX=3Hz, J BX =6Hz, H5 of 13). 5.70(1H, X of ABX, JAX=2Hz, JBX= 
6Hz, H5 of 21. 

7) 2, mp 103OC; I R ( K H ~ ) ~ ~ - ~ :  1785(C=01; NMR(CDCl3)6: 3.43, 3.48, and 3.72(3Hx3, 

s, CH3), 4.50(1H, d, J=4Hz, H4), 5.62(1H, d, J=4Hz, Fig). 2, mp 105•‹C; IR(KBr) 
-1 cm : 1785(C=0); NMR(CDCl3l8: 3.43, 3.45, and 3.68(3HX3, s, CH3), 4.43(1H, d, 
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J=4Hz, H4), 5.40(1H, d, J=4Hz, H5). e, mp 35-C; IR(KBT)CIII-~: 1780(C=0), 1680 

(C=C); N M R ( C D C ~ ~ ) ~ :  3.52 and 4.15(3Hx3, s ,  CH3), 5.67(1H, s, H5). E, mp 54OC; 
IR(KB~)~~-': 1780(C=0), 1665(C=C); NMR(CDC1 16. 3.53 and 4.17(3HXZ, s ,  CHJ), 

3 .  

5.65(1H, S ,  H5). %, oil; NMR(CDC1 )cf: 3.38, 3.42, 3.50, and 3.80(3HX5, s ,  3 

CH3), 4.33(1H, d, J=5Hz, Hp), 4.57(1H, d, J=SHz, Hr). z ,  oil: NMR(CDCl3)8: 
Z.25(2H, d ,  J=5Hz, HP), 3.33(12H, s, CHJx4), 3.80(3H, s ,  CH3), 4.45(1H, t, J= 

5Hz. Hr). 

Received,  29th January, 1982 


