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The conditions for  the fo rma t ion  of amides  of 4-keto  ac ids ,  2 -oxo-5 -hydroxypyr ro l id ines ,  
2 - o x o - 2 , 3 - d i h y d r o p y r r o l e s ,  o r  2 - o x o - 5 - a m i n o t e t r a h y d r o f u r a n s  by reac t ion  of a A/3,,/-bu- 
tenolide with p r i m a r y  amines  were  de te rmined .  The reac t ion  with p r i m a r y  al iphatie  
amines  - benzylamine  and methy lamine  - in ethanol gives  2 -oxo -5 -hyd roxypyr ro l i d ine s ,  
while r eac t ion  with benzylamine  in benzene g ives  the amide  of a 4-keto  acid.  2 -Oxo-5 -  
an i l ino te t rahydrofuran  is f o r m e d  in the reac t ion  with anil ine.  

The reac t ion  of Afi,Y-butenolides with p r i m a r y  amines  is of cons iderab le  in te res t  in view of the pos-  
s ibi l i ty  of the fo rmat ion  of an en t i re  s e r i e s  of r eac t ion  products ,  in pa r t i cu l a r  amides  of , / -ke to  acids and 
hydroxy lac t ams ,  which a r e  r ing -cha in  i s o m e r s .  In the m o s t  r ecen t  and mos t  detai led s tudies  [1, 2] it is 
shown that  hydroxy lac tams  a r e  f o r m e d  only in the reac t ion  with methylamine ,  while amides  of 7 - k e t o  acids 
a r e  f o r m e d  with other  amines .  In the case  of ~ -  o r  f l -monosubst i tu ted  , / - a ry l -Af l , ' / - bu teno l ides  the double 
bond m i g r a t e s  with the fo rma t ion  of /x~  ,/3-butenolides and the products  of the i r  r eac t i on  with amines  [1]. 

,~ -Disubs t i tu ted  , / - a ry l -Af l , , / -bu teno l ides  r e a c t  with al iphat ic  p r i m a r y  amines  to give only hydroxy lac -  
t ams ,  but they do not r e a c t  with a rom a t i c  amines  [1]. 

F o r  the f i r s t  t ime  we were  able to synthes ize  [3] ~ , ~ -d i subs t i t u t ed  Afl , , / -butenolides with a he t e ro -  
cycl ic  n i t rogen-conta ining subst i tuent  of a ro ma t i c  nature  in the ` / -posi t ion.  In connection with what was 
s ta ted  above,  it s eemed  of in te res t  to study the reac t ion  of c~ , ~ - d i m e t h y l - y -  ( 1 - p h e n y l - 3 - m e t h y l - 4 - p y r a -  
zolyl ) -Aft , ' / -butenol ide  (D with p r i m a r y  amines  and ammonia .  

In the p resen t  r e s e a r c h  we made  a detai led study of the reac t ion  of butenolide I with benzylamine .  
The r e su l t s  make it poss ib le  to r i g o r o u s l y  de t e rmine  the conditions for  the fo rma t ion  of any of the th ree  
(IIa-IVa) reac t ion  products .  Compound I does not r e a c t  with benzylamine  at room t e m p e r a t u r e  in ethanol 
o r  benzene.  At the boiling points of the solvents ,  the s t r u c t u r e s  of the reac t ion  products  depend on the 
po la r i ty  of the solvents :  2 , 2 - d i m e t h y l - 4 - k e t o - 4 -  (1 -pheny l -3 -methy l -4 -pyrazo ly l )bu tano ic  acid benzylamide  
(IIa) is f o rmed  in benzene,  while 1 - b e n z y l - 2 - o x o - 3 , 3 - d i m e t h y l - 5 - h y d r o x y - 5 - ( 1 - p h e n y l - 3 - m e t h y l - 4 - p y r a -  
zo ly l )pyr ro l id ine  (IIIa) is f o rm ed  in ethanol. Both amide  lIa and hydroxy lac tam IIIa give the s a m e  p rod :  
u c t -  1 - b e n z y l - 2 - o x o - 3 , 3 - d i m e t h y l - 5 - ( 1 - p h e n y l - 3 - m e t h y l - 4 - p y r a z o l y l ) - 2 , 3 - d i h y d r o p y r r o l e  (IVa) - on r e -  
fluxing in acet ic  anhydride.  

The s t r u c t u r e s  of I Ia - IVa  were  conf i rmed  by the IR spec t r a .  The f o r m s  of the absorp t ion  cu rves  
cor responding  to VNH in IIa and vOH in IIIa follow the r egu la r i t i e s  p rev ious ly  obse rved  [1, 4, 5] fo r  com-  
pounds of these  types .  

Hydroxylac tam IIlb was obtained f r o m  butenolide I and methy lamine  in ethanol at  r o o m  t e m p e r a t u r e ,  
while a mix tu re  of 1-fib and 2 , 2 - d i m e t h y l - 4 - k e t o - 4 - ( 1 - p h e n y l - 3 - m e t h y l - 4 - p y r a z o l y l ) b u t a n o i c  acid me thy la -  
mide (Hb), which could not be s epa ra t ed  p repa ra t ive ly ,  was  obtained in benzene.  

Compound I does not r e a c t  with d ry  a m m o n i a  in benzene.  
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A mix tu r e  of r eac t i on  products ,  which could not be separa ted ,  is f o rmed  in aqueous ethanol solution with 
a m m o n i u m  hydroxide,  r e g a r d l e s s  of the m o l a r  ra t io  of the reagen t s  and the t e m p e r a t u r e .  Py r ro lone  IVc is 
obtained when this mix tu re  is ref luxed in benzene in the p r e s e n c e  of p- toluenesulfonic  acid.  

The c h a r a c t e r  of the r eac t ion  of butenolide I with anil ine d i f fers  f r o m  the c h a r a c t e r  of the reac t ions  
examined above.  The r eac t i on  p roceeds  only when the reagen t s  a r e  ref luxed in dry  benzene in the p r e sen ce  
of p- to luene sulfonic acid.  The se t  of data  f rom e l e m e n t a r y  ana lys i s  and the IR and PMR spec t r a  a t t e s t  to 
the fo rma t ion  of 2 - o x o : 3 , 3 - d i m e t h y l - 5 - a n i l i n o - 5 - ( 1 - p h e n y l - 3 - m e t h y l - 4 - p y r a z o l y l ) t e t r a h y d r o f u r a n  (V). The 
ca rbony l  f requency  (1750 cm -1) of the product  of the reac t ion  of I w i than i l ine  comple te ly  excludes l ac tam 
s t r u c t u r e s  of the III and IV type but p e r m i t s  the poss ib i l i ty  of s t ruc tu re  VI. The choice between V and VI 
was  made  on the bas i s  of the PMR s p e c t r u m  (in CDC13), in which a two-pro ton  siglml of the methylene 
g roup  of V (6 2.58 ppm) is obse rved .  

E X P E R I M E N T A L  

The IFt s p e c t r a  of hexachlorobutadiene and minera l -o i l  suspens ions  of the compounds were  r eco rd ed  
with a UR-20 s p e c t r o m e t e r .  

: 2 , 2 -D ime thy l -4 -ke t o -4 - (1 -pheny l -3 -me thy l -4 -py razo ly l )bu t ano i c  Acid Benzylamide  (IIa). A solution 
of 0.54 g (2 mmole)  of butenolide I and 0.32 ml  (3 mmole)  of benzylamine  in 5 ml  of benzene was refluxed 
fo r  2 h, a f t e r  which it was  cooled and 20 ml  of hexane was added. The mix tu re  was then allowed to stand 
a t  0 ~ fo r  12 h, a f t e r  which it was  worked  up to give 0.45 g (60%) of amide  IIa with mp 102-104 ~ [from ben-  
z e n e - h e x a n e  (1:1)] .  IR s p e c t r u m :  3390 (NH), 1660, 1650 (CO), 1600 ( C - C a r o m ) ,  1530-1550 cm -1 
( C - C a r o m  and amide  II). Found, %: C 74.0; H 6.8; N 11.3. C23H25N302. Calculated,  %: C 73.6; H 6.7; 
N 11.2. 

1 - B e n z y l - 3 , 3 - d i m e t h y l - 5 - h y d r o x y - 5 -  ( 1 - p h e n y l - 3 - m e t h y l - 4 - p y r a z o l y l ) - 2 - p y r r o l i d o n e  (IIIa). A solu-  
t ion of 0.54 g (2 mmote)  of butenolide I and 0.32 ml  (3 mmole)  of benzylamine  in 10 ml  of absolute  ethanol 
was  ref luxed for  6 h, a f t e r  which it was  diluted with 30 ml  of wa te r  and al lowed to stand a t  0 ~ for  24 h. The 
resu l t ing  res inous  p rec ip i t a te  was r e c r y s t a l l i z e d  f r o m  b e n z e n e - h e x a n e  (1:3) to give 0.15 g (40%) of p y r -  
rol idone Ilia with mp  153-155 ~ IR spec t rum:  3370 (OH), 1685 (CO), 1600, 1570, and 1510 cm -1 ( C - C a r o m ) .  
Found, %: C 74:1; H 6.6; N 11.4. C27H25N302. Calculated, %: C 73.6; H 6.7; N 11.2. 

l-Benzyl-3,3-dimethyl-5- (1-phenyl-3-methyl-4-pyrazolyl)-2,3-dihydro-2-pyrrolone (IVa). A) A 
0.54-g (1.4 mmole) sample of amide II was refluxed in 3 ml of acetic anhydride for 2 h, after which the 
mixture was cooled and poured into 30 ml of water. Workup gave 0.40 g (78%) of pyrrolone IVa with mp 
126-128 ~ [from benzene-hexane (I :2)]. IR spectrum: 1700 (CO), 1655 (C----C), 1600, 1550, and 1510 cm -I 
(C-Carom). Found, %: C 77.9; H 6.5; N 12.0. C23H23NsO. Claculated, %: C 77.3; H 6.5; N 11.8. 

B) A 0.18-g (0.48 mmole) sample of pyrrolidone IIla was refluxed in 2 ml of acetic anhydride for 2 h. 
Pyrrolone IVa was isolated as in method A. The yield of product with mp 126-128 ~ was 0.1 g (59%). No 
melting point depression was observed for a mixture of this product with the product obtained by method A. 

1,3,3-Trimethyl-5-hydroxy-5- (1-phenyl-3-methyl-4-pyrazolyl) -2 -pyrrolidone (]lib). A solution of 
0.54 g (2 mmole) of butenolide I in i0 ml of ethanol and 0.37 ml of 25% aqueous methylamine was allowed 
to stand for 2 h, after which it was diluted with 30 ml of water. Workup gave 0.43 g (72%) of pyrrolidone 
IIIb with mp 153-155~ benzene-hexane). IR spectrum: 3290 (OH), 1670 (CO), 1600, 1570, and 1510 
cm -i (C-Carom). Found, %: C 67.8; H 7.2; N 14.3. CITHHN302. Calculated, %: C 67.9; H 7.1; N 14.0. 
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1 , 3 , 3 - T r i m e t h y l - 5 -  ( 1 - p h e n y l - 3 - m e t h y l - 4 - p y r a z o l y l ) - 2 , 3 - d i h y d r o - 2 - p y r r o l o n e  (IVb). This  compound, 
with mp 161-166 ~ [ f rom b e n z e n e - h e x a n e  (1:1)],  was  obtained in 82% yield by the method used to p r e p a r e  
IVa (A). IR spec t rum:  1685 {CO), 1650 (C----C), 1595, 1540, and 1500 cm -1 ( C - C a r o m ) .  Found, %: C 73.3; 
H 6.7; N 14.9. CiTHigN30. Calculated,  %: C 72.6; H 6.8; N 14.9. 

2 - O x o - 3 , 3 - d i m e t h y l - 5 - a n i l i n o - 5 - ( 1 - p h e n y l - 3 - m e t h y l - 4 - p y r a z o l y l ) t e t r a h y d r o f u r a n  (V)__ A solution 
of 1.08 g (4 mmole)  of butenolide I, 0.36 ml  (4 mmole)  of anil ine,  and 0.01 g of p- toluenesulfonic  acid in 10 
ml  of d ry  benzene was ref luxed for  6 h, a f t e r  which the solvent  was r emoved  by dist i l lat ion,  and the r e s i -  
due was t i tu ra ted  with 15 ml  of hexane. The solid was r emoved  by f i l t ra t ion  and r e c r y s t a l l i z e d  f r o m  ben-  
z e n e - h e x a n e  (1:1) to giwe 0.55 g (38%) of lactone V with mp 145-147 ~ IR spec t rum:  3370 (NH), 1750 {lac- 
tone CO), 1600, 1560, and 1500 ( C - C a r o m ) ,  and 1530 cm -1 (SNH). Found, %: C 74.1; H 6.5; N 11.8. 
C22H23N302. Calculated,  %: C 73.1; H 6.4; N 11.6. A tota l  of 0.3 g (28%) of s tar t ing  I c rys t a l l i zed  out f r o m  
the f i l t r a te  (when it was al lowed to stand a t  0 ~ for  12 h). 

3 , 3 -D ime thy l -5 -  ( 1 - p h e n y l - 3 - m e t h y l - 4 - p y r a z o l y l ) - 2 , 3 - d i h y d r o - 2 - p y r r o l o n e  (IVc). A 0 .4 -mI  (3 mmole)  
s ample  of 25% am m on i um  hydroxide was added to a solution of 0.54 g (2 mmole)  of butenolide I in 6 ml  of 
ethanol a t  30-40 ~ and the mix tu re  was  al lowed to stand a t  20-25 ~ fo r  24 h. It was  then diluted with 30 ml  of 
w a t e r  and al lowed to stand for  ano ther  72 h. The prec ip i ta te  was r e c r y s t a l l i z e d  f r o m  benzene to give 0.4 g 
of a subs tance  with mp 150-170 ~ This  product  was ref luxed in 30 ml  of dry benzene in the p re sence  of 0.02 
g of p- to luenesulfonic  acid.  When the mix tu re  was cooled, 0.35 g (64%) of pyr ro lone  IVc with mp 181-183 ~ 
{from benzene) c rys t a l l i zed  out. lit spec t rum:  3150-3220 (NH), 1710 (CO), 1660 (C~C),  and 1600, 1550, and 
1510 cm -i  ( C - C a r o m ) .  Found, %: C 72.3; H 6.5; N 15.6. C16H17N30. Calculated,  %: C 71.9; H 6.4; N 15.7. 
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