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The corresponding dimethylaminomethylene der ivat ive ,  f rom which a number  of s i m i l a r  com-  
pounds were  synthes ized  by reac t ion  with amines ,  was obtained by the reac t ion  of 1 -methy l -  
2 -pheny l -2 -hydroxy-5 -oxo te t r ahydropyr ro l e  with d imethy l fo rmamide  in the p r e sence  of phos -  
phorous  oxychloride.  The formyl  der iva t ives  of 1 -me thy l -2 -pheny l -5 -py r ro lone  and 5- thio-  
pyr ro lone  were  obtained, and the UV and IR s p e c t r a  of the enamines of these compounds were  
studied. 

It has been  shown [1] that N-subst i tu ted  suecin imides  readi ly  fo rm the corresponding 2 ,5-d ieh loro-  
3 ,4 -d i fo rmylpyr ro les  on reac t ion  with d imethyl formamide  (DMF) in the p r e sence  of phosphorus oxychloride.  
It  s e emed  of in te res t  to introduce pyr ro le  der iva t ives  containing one oxo group into this react ion.  For,  this,  
we synthes ized 1 -m e t hy l -2 -pheny l -2 -hyd rox y -5 -oxo t e t r ahyd ropy r ro l e  (I) [2], which is readi ly  dehydrated 
in the p resence  of phosphorus oxychloride to give 1 -me thy l -2 -pheny l -5 -py r ro lone  03}. The l a t t e r  r eac t s  
at - 2 0  to - 3 0  ~ C with the Vi l smeie r  reagent  to give 1 - m e t h y l - 2 - p h e n y l - 4 - d i m e t h y l a m i n o m e t h y l e n e - 5 - p y r -  
rolone 03I), which is isolated as a salt .  
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Compound III undergoes t ransaminat ion ,  which proceeds  pa r t i cu la r ly  readi ly  in the case  of s t rongly  
bas ic  amines (Table 1), and is hydrolyzed on t r ea tmen t  with alcoholic alkali  to give a sa l t  of 1 -me thy l -2 -  
p h e n y l - 4 - f o r m y l - 5 - h y d r o x y p y r r o l e  (VIIIa). Acidif icat ion of an aqueous suspens ion  of this sa l t  gave 1 -me th -  
y l - 2 - p h e n y l - 4 - f o r m y l - 5 - h y d r o x y p y r r o l e  (VIII), which, on  reac t ion  with amines  in benzene,  fo rms  the s a m e  
compounds 03I-VII) that were  obtained in the t r ansamina t ion  (Table 1). 

Compound HI r eac t s  with excess  phosphorus oxychloride to give 1 - m e t h y l - 2 - p h e n y l - 4 - f o r m y l - 5 - c h l o -  
ropy r ro l e  (IX), which is s i m i l a r  to what is obse rved  for  pyrazolone  and ~ - p y r r o l o n e  der iva t ives  [3, 4]. Com- 
pound IX reac t s  with reagents  that a re  cha rac t e r i s t i c  for the aldehyde group, and the chlorine a tom is r ead -  
ily subst i tuted on reac t ion  with po tass ium hydrosulfide.  The resul t ing aldehyde of m e r e a p t o p y r r o l e  (X) r e -  
acts with amines  to give 4-aminomethylene  der ivat ives  (XI, XII). 

The UV sp ec t r a  of III-VII  depend only sl ightly on the nature of the solvent.  This is espec ia l ly  the case  
for  monosubst i tuted aminomethylene der iva t ives ,  which a t tes ts  to the low po la r iza t ion  of the c~,~-unsaturated 
> N - C H  = C - C  =X sys tem,  in cont ras t  to sul fur-conta ining compounds (XI, XII). 
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The introduction of an aminomethylene group shifted the VCO 
sorpt ion band by 40 cm -1 (vCO for  1 -methy l -2 -phenyl -5-pyr ro lone  
in carbon te t rachlor ide  is 1710 cm-1). The monosubsti tuted en- 
amines (IV, V, VII, and XII) are  stabilized by an in t ramolecular  
hydrogen bond, as was demonstrated by a study of the concent ra-  
tion dependence. The frequency of the vibrations associated with 
the > N--CH= C - C  =S grouping is lower than the frequency of the 
corresponding oxygen compound by 38 cm -1 in the case of XII (com- 
pare  with VI) and by 26 cm -1 in the case of XI (compare with III). 
The difference in the shifts (12 cm -1) between the monosubstituted 
enamine of the thiopyrrolone (XII) and the disubstituted compound 
(XI) may be associa ted with the fact that, in contras t  to XII, which 
has the eis s t ruc ture  and is stabilized by an in t ramolecular  hydro-  
gen bond, XI apparently has the t rans s t ructure .  The s t ructure  of 
these compounds and the s t ruc tures  of the aldehydes of 5-pyrrolone 
and 5-thiopyrrolone will be reported in g rea te r  detail at a la ter  date. 

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

1-Methyl -2-phenyl -4-d imethylaminomethylene-5-pyrro lone  
(III). A 5-g (0.029 mole) sample of I in 25 ml of DMF was added 
with s t i r r ing  at - 3 0  to - 2 0  ~ to a mixture of 9.5 g (0.13 mole) of 
DMF and 8.4 g (0.033 mole) of phosphoruc oxychloride, and the mix-  
ture  was s t i r red  for 15-20 rain, af ter  which the l ight-yel low salt 
was removed by filtration, suspended in 75 ml of water, and neu- 
t ra l ized with 10% sodium carbonate solution. The precipi tate  was 
removed by filtration, washed severa l  t imes with small portions of 
ice water,  and dried in a vacuum des icca tor  to give 4.5 g (76%) 
of III. 

1-Methyl- 2-phenyl-4-a lkylaminomethylene-  5-pyrro lones  (IV- 
VII, Table 1). A benzene solution of III or  VIII was refluxed with a 
th ree -  to fivefold excess  of the appropriate  amine for  3-4 h and 
cooled. The react ion product was precipi tated with ether and freed 
f rom the star t ing mater ia l  by purification by column chromato-  
graphy on aluminum oxide. Compound VI was also obtained in 72% 
yield by fusing I with diphenylformamidine. 

1 -Methy l -2 -pheny l -4 - fo rmyl -5 -hydroxypyr ro le  (VIII). A mix- 
ture of l g  (4.4 mmole) ofII Iand 0.18g (4.5 mmole) of sodium hydrox- 
ide in 30 ml of 90% methanol was refluxed for  6 h and cooled. The 
precipi tate  was removed by filtration, and the fil trate was diluted 
with ether.  The precipitate thus formed was combined with the 
bulk of the product. The sodium salt of VIII was washed thoroughly 
with ch loroform and a small amount of ice water.  After severa l  
reprecipi ta t ions f rom hot methanol solution by the addition of ether  
(the melting point of the salt  was above 400~ the salt  was suspended 
in a small  amount of water  and acidified with 10% hydrochloric  acid. 
The precipi tate  was removed by filtration, washed with water, and 
dried to give 0.57 g (65%) of VIII with mp 112-113 ~ Xmax ( incyclo-  
hexane) 347 nm (3.67), ~.max (in ethanol) 359 nm (3.7), and VCO (in 
chloroform) 1667 cm -1. Found: C 71.8; H 5.6; N 7.0%. C12HllNO 2. 
Calculated: C 71.6; H 5.5; N 7.0%. 

1 -Methy l -2 -pheny l -4 - fo rmyl -5 -ch lo ropyr ro le  (IX). A mixture 
of 1 g (4.4 mmole) of III and 3 ml (33 mmole) of phosphorus oxy- 
chloride was refluxed for 8 h, cooled, and poured over ice. The ice 
mixture was made alkaline to pH 9-10 with 5% sodium hydroxide so-  
lution, and the precipitate was removed by filtration, washed with 
water,  and dried to give 0.8 g (83%) of IX with mp 116 ~ (from pe-  
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troleum ether), Xmax (in eyclohexane) 272 nm (4.4), Xmax (in ethanol) 247 nm (4.5), and vCO 1666 cm -~. 
Found: CI 16.3; N 6.50/0. C12HIoCINO. Calculated: CI 16.2; N 6.4~o. The oxime of IX had mp 149 ~ (from 
ethanol). Found: C1 15.0; N 11.67o. CI2HIICIN20. Calculated: C1 15.1; N 11.970. The thiosemicarbazone 
of IX had mp 210 ~ (from ethanol). Found: Cl 12.1; S 10.770. C13Ht3ClN4S. Calculated: C1 12.1; S 10.570. 

1-1VIethyl-2-phenyl-4-alkylaminomethylene-5-thiopyrrolones (XI and XII, Table 1). A 1-g (4.6 mmole) 
sample  of IX was dissolved in 80 ml  of 80% methanol ,  1.2 ml (9.2 mmole)  of 50% aqueous po tass ium hydro-  
sulfide solution was added, and the mix tu re  was ref luxed for  2 h. The solution was cooled, diluted with 100 
ml  of water ,  and f i l tered.  The f i l t ra te  was acidif ied with 10% fo rmic  acid and again f i l tered.  A 0.02-mole 
sample  of dimethylamine hydroch lor ide  or  aniline hydrochlor ide  was added to the resul t ing  solution, and 
the prec ip i ta te  (XI, XII) was separa ted ,  washed with wate r ,  dried, and c rys t a l l i zed  f rom n-heptane.  

1 - IV[e thy l -2 -pheny l -4 - fo rmyl -5 -mercap topyr ro le  (X). This compound [1.45 g (67%)] was obtained f rom 
2.9 g (0.01 mole) of XII by hydrolys is  with alcoholic alkali  under the conditions used for  the synthesis  of 
VIII and had mp 158-159 ~ ~-max (in cyclohexane) 380 nm (3.6), ~tma x (in.ethanol) 380 nm (3.6), and vCO 1670 
cm -1. Found: N 6.5; S 14.8%. C12HllNOS. Calculated. ~ N 6.4; S 14.7%. 
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