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a - P y r r o l y l s u c c i n i c  and (2 ,4 -d ime thy l -3 -ca rbe thoxy-5 -py r ro ly l ) succ in i c  anhydrides  we re  
obtained by the r eac t ion  of p y r r o t e  and 2 , 4 -d ime thy l -3 - ca rbe thoxypy r ro l e  with male ic  an-  
hydr ide .  ( 2 ,4 -Dime thy l -3 -ca rbe thoxy-5 -py r ro ly l ) succ in i c  acid and i ts  imides  and dia lkyl-  
amides  were  synthes ized  by hydro lys i s  and aminolys is  of the anhydrides .  

The reac t ion  of a lky lpyr ro les  with anhydr ides  of unsa tura ted  dicarboxyl ic  acids in benzene gives  the 
co r respond ing  a - p y r r o l y l s u c c i n i c  anhydrides  [1,2]. The reac t ion  of p y r r o l e  With male ic  anhydride in wa te r  
gave  ~ , a ' - d i ( w - c a r b o x y e t h y l ) p y r r o l e  in low yield.  

We have demons t r a t ed  that  py r ro l e  r e a c t s  with male ic  anhydride without a solvent  and ca ta lys t  to 
give a - p y r r o l y l s u c c i n i e  anhydride (I), the s t r u c t u r e  of which was proved by IR spec t roscopy .  

An a t tempt  to synthes ize  ~ - p y r r o l y l s u c c i n i c  and a - p y r r o l y l p r o p i o n i c  acids f rom anhydride I was un-  
success fu l .  The r eac t i on  of a - p y r r o l y l s u c c i n i c  anhydride with water  gave a h igh-mel t ing  n i t rogen-con ta in -  
ing subs tance  of po lymer i c  c h a r a c t e r  that  was ve ry  spar ing ly  soluble even in polar  organic  so lvents .  
P o l y m e r i c  n i t rogen-conta in ing products  w e r e  also obtained when py r ro l e  was fused with male ic  and c i t r a -  
conic acids .  

As expected,  2 , 4 - d i m e t h y l - 3 - c a r b e t h o x y p y r r o l e  r e ac t s  r ead i ly  with mate ic  anhydride to give (2,4- 
d i m e t h y l - 3 - c a r b e t h o x y - 5 - p y r r o l y l ) s u c c i n i c  anhydride (II): 
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The hydro lys i s  of II  g ives  (2 ,4 -d ime thy l -3 -ca rbe thoxy-5 -py r ro ly l ) succ in i c  (III) (2 ,4 -d imethy l -3-  
ca rbe thoxy-5 -py r ro ly l )p rop ion ic  (IV) ac ids .  The r eac t ion  of II with p r i m a r y  a romat i c  amines  gives  a lkal i -  
insoluble cycl ic  imides  (V) of (2 ,4 -d ime thy l -3 -ca rbe thoxy-5 -py r ro ly l ) succ in i c  acid. Monoamides (VI) of 
the s a m e  acid a r e  obtained with secondary  amines .  

When 2 , 4 - d i m e t h y l - 3 - c a r b e t h o x y p y r r o l e  is fused with male ic  acid in alcohol, dioxane, and wate r  at 
150-170~ only i s o m e r i z a t i o n  of the ma le ic  acid to fumar ic  acid is observed,  as in the ca se  of py r r o l e  [3]. 
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E X P E R I M E N T A L  

The IR spec t r a  of mine ra l  oil suspensions  of the compounds were  r eco rded  with a UR-10 s p e c t r o -  
pho tomete r .  The pur i t ies  of the synthes ized  amides  and imides  were  conf i rmed by ch romatography  on 
act ivi ty II a luminum oxide with e t h e r - a l c o h o l  (95.5) .  

~ - P y r r o l y l s u e c i n i c  Anhydride (I). A mix tu re  of 2 g (0.03 mole) of py r ro l e  and 2.94 g (0.03 mole) of 
male ic  anhydride was hea ted  on a wa te r  bath for 2.5 h. The mix tu re  was f reed  of the s ta r t ing  reagen ts  by 
refluxing with dry  ether to give 3.34 g (67.1%) of anhydride I with mp 106-108 ~ (see [1,2]). IR spec t rum:  
C ~-~O 1759, 1838 c m  -1, N - H  3308-3337 cm -1. 

(2 ,4 -Dimethy l -3 -ca rbe thoxy-5 -pyr ro ly l ) succ in ic  Anhydride (II). A mix tu re  of 1.67 g (0.01 mole) of 
2 ,4 -d ime thy l -3 -ca rbe thoxypyr ro l e  [4,5] and 0.98 g (0.01 mole) of male ic  anhydride was heated on a wafer  
ba th fo r  2-3 h. The reac t ion  product  was dissolved in dry e ther ,  and the solution was poured into pe t ro leum 
ether  to give 1.74 g (66%) of l ight-brown c r y s t a l s  of anhydride II with mp 117-120 ~ and R f  0.75. IR spec -  
t rum:  N - H  3300 cm -1, C--~O 1785, 1860 cm -1. Found, %: C 58.7; H 5.8; N 4.9. CI3H15NO 5. Calculated,E:  
C 58.8; H 5.7; N 5.3. 

Hydro lys i s  of Anhydride II. Water  was added to 1.3 g (0.005 mole) of anhydride II, and the mix tu re  
was heated on a water  bath for  3 h. The aqueous solution was decanted f rom the resul t ing dark  prec ip i ta te  
and cooled to give 0.35 g (25%) of wh i t e - rose  c ry s t a l s  of (2 ,4 -d ime thy l -3 -ca rbe thoxy-5 -pyr ro ly l ) succ in ic  
acid (III) with mp 183-185 ~ and R f  0.74. IR spec t rum:  N - I f  3571-3325 cm -1, C ~ O  1646-1688 cm - i .  
Found, %: C 55.1; II 6.5; N 5.1. CI3HI7NO6. Calculated,  %: C 55.1; H 6.1; N 4.9. The dark  prec ip i ta te  was 
separa ted ,  d issolved in w a r m  alkali  solution, and prec ip i ta ted  by the addition of acetic acid to give 0.55 g 
(45%) of ~ - (2 ,4 -d ime thy l -3 - ca rbe thoxy -5 -py r ro ly l )p rop ion i c  acid (IV) with mp 116-118 ~ (mp 120 ~ [6]) and 
R f  0.79. IR spec t rum:  N - I f  3268-3326 c m  -i ,  C--~O 1663-1688 cm -1. Found, ~c: C 60.3; II 7.1; N 6.1. 
C12II17NO 4. Calculated,  %: C 60.2; H 7.2; N 5.9. 

Imides  of (2 ,4 -Dimethy l -3 -ca rbe thoxy-5 -pyr ro ly l ) succ in ic  Acid (V). A 10-ml  sample  of 28% a m -  
monium hydroxide was added to 1.32 g (0.005 mole) of anhydride II, and the mix tu re  was allowed to stand 
for  2 days to comple te  the exothermic  reac t ion .  The solution was decanted, and acetic acid was added d rop-  
wise  until the pii was 7. The mix tu re  was f i l te red  to give 0.7 g (53%) of (2 ,4 -d ime thy l -3 -ca rbe thoxy-5 -  
pyr ro ly l ) succ in imide  with mp 165-170 ~ and R f  0.79. Found, %: C 59.1; II 6.3; N 10.5. Ct3H16N204. Ca lcu-  
lated,  %: C 59.0; tt 6.1; N 10.6. 

The methyl imide  (50% yield, mp 165-167 ~ Rf 0.74. Found, %: C 60.8; H 6.6; N 10.0. CI4HIsN204. 
Calculated,  %: C 60.4; H 6.5; N 10.1), and fi -hydroxyethyl imide  of the s a m e  acid (29% yield, mp 147 ~ R f  
0.73. Found, %: C 58.9; H 6.5; N 9.0. C15H20N205. Calculated,  %: C 58.4; H 6.5; N 9.1.) 

Monoamides of (2 ,4 -Dimethy l -3 -ca rbe thoxy-5 -pyr ro ly l ) succ in ic  Acid (VI). A mix tu re  of 1.04 g 
(0.004 mole) of anhydride II and 0.58 g (0.008 mole) of diethylamine was heated on a water  bath for 3 h. 
Acidification of the mix tu re  with dilute acetic acid prec ip i ta ted  0.75 g (55~) of (2 ,4 -d ime thy l -3 -ca rbe thoxy-  
5-pyrro ly l ) succ in ic  acid diethylamide with mp 150-152 ~ and R f  0.81. Found, %: C 60.0; II 7.7; N 8.6. 
Ci7H26N205. Calculated, %: C 60.3; H 7.7; N 8.3. 

The same method was used to obtain the piperidide (33% yield, mp 120-125 ~ Rf 0.87. Found, %: C 
61.7; H 7.8; N 8.5. C18II26N205. Calculated, %: C 61.7; II 7.5; N 8.0),and benzylamide [the yield of salt 
with benzylamine was 91%. The product had mp 132-136 ~ (from ether). Found, ~c: C 68.0; H 6.5; N 8.5. 
C20H24N205 �9 C7IIgN. Calculated, %: C 67.5; H 6.9; N 8.8.] 
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