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O R G A N I C  P R E P A R A T I O N S  AND P R O C E D U R E S  I N T .  8(4), 185-192 (1976) 

PREPARATION OF 5-IMINO-2-PYRROLIDINONE DERIVATIVES 
AND THEIR 5-ALKYLIMINO ANALOGS? 

Wzodzimierz Koberda and Jerzy Large" 
I n s t i t u t e  o f  Organic Chemistry and Technology, 

Warsaw Technical University (Politechnika), 
00-662 Warsaw, Poland 

Monoimidic analogs (I) of succinimide have been prepared 
1 by alkal ine cycl izat ion of 3-cyanopropionamide der ivat ives  

(1I) 'and by controlled hydrolysis of the diimidic analog, 

R-CHCH2CONH2 R-CHCH CO R '  R-CHCH2CO$ ' 
CN I II 1 % ' O - C = r . H C g  I 2 2 -  -C=NH.HCl I 

I V  

R-CHCH2C02R R - C H 4 H 2  R-CHCH2C02R ' - 1 1 -  I 
R'O-C=NH 

I 

I 
CN 

R-CH-CH2 R-CH-CH2 
I I  

R-CHCH2CONH2 
I 1 1 -  

.",/\o R"Nf\dc\o R 'O-C=NH .HC1 
0 

H H 

IX V I I  

a) R = H; b) R e Ph; R ' =  Me or E t ;  R", see Table. 
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KOBERDA AND LANGE 

succinimidine .2 However, -ne i ther  rou te  makes the p repa ra t ion  

of I f a c i l e  and ne i the r  may serve f o r  the  d i r e c t  p repa ra t ion  

of the N-substituted derivatives ( V I I )  of I .  

By employing methyl 3-cyanopropionate ( I I Ia )  and e t h y l  

3-phenyl-3-cyanopropionate ( I I I b )  as model compounds, we have 

observed the  formation of both I and 11. Since ammonolysis of 

the e s t e r  func t ion  i s  a r ap id  r eac t ion ,  the h ighes t  y i e l d s  of 

I1 were obtained i n  homogeneous so lu t ions  with e thanol  as a 

so lvent .  The r e a c t i o n  w a s  complete wi th in  a f e w  hours  and 

longer time favored the formation of I .  I n  a heterogeneous 

system (ester-aqueous ammonia), the r a t e  of the ammonolysis 

was comparable with t h a t  of the cyanoamide c y c l i z a t i o n  and 

the main product was I, which p r e c i p i t a t e d  gradual ly  as the  

e s t e r  phase disappeared. 

Another poss ib le  approach t o  the synthes is  o f  I i s  the 

c y c l i z a t i o n  o f  the corresponding 3-carbalkoxypropionamidines 

( I V )  o r  3-carbalkoxypropionimidates ( V  and V I ) ,  al though two 

e a r l i e r  reports3" do not agree w i t h  one another i n  t h a t  r e s -  

pec t .  When V a  was t r e a t e d  with an  equimolar amount of alcoho- 

l i c  ammonia, ammonium chlor ide  immediately p r e c i p i t a t e d  then 

gradual ly  dissolved;  the  product i s o l a t e d  w a s  mostly I V a .  

I ts  formation presumably r e s u l t e d  f r o m  the i n t e r a c t i o n  o f  V I a  

and ammonium chlor ide .  I n f e r i o r  r e s u l t s  were obtained with 

Vb, from which almost inseparable  mixtures  o f  IVb and ammo- 

nium chlor ide  were formed. 

4 

With an  excess  of a l coho l i c  ammonia, both V a  and Vb gave 

the c y c l i c  compounds, Ia and Ib ,  r e spec t ive ly ;  i n  the case o f  

V a ,  some I V a  w a s  i s o l a t e d  as a by-product. However, pure Ia 
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5-IMINO-2-PYRROLIDINONE DERIVATIVES 

and I b  were prepared when the imidates ( V I )  were used instead 

of t h e i r  hydrochlorides. 

The formation of 5-imino-2-pyrrolidinone (I) from V may be 

interpreted as a 3-step process. I n  the f irst  step,  3-carbal- 

koqypropionimidate hydrochloride (V) reacted with ammonia t o  

l i b e r a t e  the imidate ( V I ) ;  as an ionic  reaction, i t  was com- 

pleted almost instant ly .  I n  the second step, V I  reacted with 

V I  I R ” 

a Me 

b Me 

a Me3C 

b Me3C 

a Me 2N 

mP. (OC)  

105-1 08 

144-1 47 

260d 

20Od 

135-1 37 

b CH2=CHCH2 134-137 

b NH2(CH2)2 174-177 

Table 

Yieldc, Analysis 
P 

3Lc 

51 

43 

25 

21 

39 

78 

Calcd. 

c, 53-56 
H, 7-19 
N, 24.98 
C, 70.19 
H, 6.43 
N, 14.88 
C, 62.31 

N, 18.17 

H, 7.88 
N, 12.16 
c, 51-05 
H, 7-85 
N, 29-76 
Cs 72.87 
H, 6.59 
N, 13-07 

H, 6*% 
Ns 19-34 

H, 9-15 

C, 73-01 

C, 66.34 

Found 

53 38 
7.28 

24.65 
69-97 
6.52 

14.80 
62.53 

9.22 
18.37 
72.85 
7.66 

12.21 
50 87 
7.94 

29 - 63 
72.79 
6.57 

12.98 
66.18 
7 -05 

19.08 

NMR 
R ” pro tons 

- Notes: c) Yields r e f e r  t o  products recrys ta l l ized  from etha- 
nol; d) approximate mp. a s  charring of the sample occurred 
w e l l  below t h i s  temperature; f o r  g and b, i n  the first column, 
see reac t ion  scheme. 
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KOBERDA AND LANGE 

the excess of ammonia t o  y i e ld  3-carbalkoxypropionamidine (or 

3-carbamoylpropionamidine i f  ammonolysis of the e s t e r  func- 

t i o n  was simultaneous with amidine formation).  This s t e p  was 

considered a l so  t o  be a r a t h e r  f a s t  one. I n  the t h i r d  s tep ,  

the amidine (or i t s  amide der iva t ive)  underwent cyc l i za t ion  

t o  I, the r a t e  of t h i s  r eac t ion  determining the ove ra l l  r a t e  

o f  the e n t i r e  reac t ion .  The r eac t ion  o f  I V  with the ammonium 

chlor ide formed i n  the first s t e p  and s t i l l  present  i n  the 

mixture, gave r i s e  t o  the formation of I V  a s  the by-product. 

High b a s i c i t y  o f  f r e e  I V  ( ac tua l ly  higher than t h a t  of ammo- 

n ia )  was regarded a s  the dr iv ing  force o f  t h i s  e s s e n t i a l l y  

ion ic  reac t ion ,  the r a t e  of which was, however, slow enough 

because of  the heterogeneity o f  the system. 

Under s i m i l a r  conditions,  the imidates (VI) and primary 

a l i p h a t i c  amines gave cyc l i c  compounds containing one a lky l  

group derived from the amine. I n  order t o  determine the posi-  

t i o n  of t h a t  a lkyl  group ( a t  the exocyclic or endocyclic ni-  

trogen atom), the products were hydrolyzed w i t h  d i l u t e  sul- 

f ur ic  acid; succinimide (IXa) and 3-phenylsuccinimide (IXb) 

were i so l a t ed  from the products obtained from VIa and VIb ,  

respec t ive ly ,  and the appropriate amine was formed i n  e i t h e r  

case.  Only the 5-alkylimino-2-pyrrolidinone s t ruc tu re  ( V I I )  

i s  i n  agreement with such r e s u l t s  of the hydrolysis  experi-  

ments. 

The r e s u l t s  discussed above made i t  possible  t o  suggest 

the unstable 3-carbalkoyypropionamidine a s  the r eac t ion  in-  

termediate.  I ts  cyc l iza t ion  i n  an a lka l ine  medium i s  sponta- 

neous and involves e l iminat ion of a molecule o f  a lcohol .  
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5-IMINO-2-PYRROLIDINONE DERIVATIVES 

A s i m i l a r  cycl izat ion leading t o  I b  was observed upon ne- 

u t ra l iza t ion  of e thyl  2-phenyl-3-carbamoylpropionimidate hyd- 

rochloride ( V I I I ) .  Therefore, both 3-carbalkoxypropionaidi-  

nes and 3-carbamoylpropionimidates are  par t icu lar ly  prone to  

cycl izat ion and presumably can e x i s t  only as s a l t s .  For r e -  

ference purposes, 3-phenyl-5-imino-2-pyrrolidinone was prepa- 

red by a similar cycl izat ion of e thyl  3-carbethov-3-phenyl- 

propionimidate . 
A l l  i m i d i c  e s t e r s  used here were prepared f rom cyanoesters 

by the general procedure o f  Pinner.' The f ree  imidates ( V I )  

were remarkably s table  and could be purif ied by vacuum dis- 

t i l l a t i o n  with no s ign of decomposition. 

A l l  mp. values are  uncorrected. The NMR spectra were re -  
corded on a JEOL 60 MHz instrument with tetramethylsilane as 
an in te rna l  standard. A l l  chemical s h i f t s  are  given i n  the 6 
scale.  The I R  spectra were recorded a s  KBr p e l l e t s  on a Per- 
kin-Elmer Model 237 spectrophotometer; the I R  bands are  given 
i n  cm-'. Elemental analyses were performed on a Perkin-Elmer 
C-H-N analyzer. 

Preparation of 5-Imino-2-p~rol idinones.  

a) From Imidates. - Ethyl 2-phenyl-3-carbethoqpropionimi- 

date (VIb) (3.5 g, 0.014 mole) was dissolved i n  20 ml of an- 

hydrous ethanol and the solution t reated with 0.037 g (0.019 
mole) of NH i n  ethanol. After 48 hr, the c rys ta l l ine  product 3 
was f i l t e r e d  and washed with ethanol t o  yield 1.8 g (75 %) of 
4-phenyl-5-imino-2-pyrrolidinone (Ib) , mp. around 230' with 
gradual decomposition and marked darkening above 200'. 

I R :  3235 (NH); 1705, 1745 (C=O). NMR (CF3C02H): 3.09 (m, 
CIIAHB); 3.60 (m, CIIBHA); 4.80 (m, CH); 7.4 (m, C6H5); 9.07 
(s, NH=); 9-85 (s, -NH-); JAB= 19.8; JA,=4.6; J B x  = 9.3. 
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KOBERDA AND LANGE 

Molecular ion  m/e value: 174. 

- Anal.: Calcd. f o r  C10H10N20: C ,  68.96; H, 5.75; N, 16.09. 
Found: C, 69.07; H, 5.88; N, 16.13. 

Similarly, methyl 3-carbomethoxypropionimidate (VIa) gave 

58 % of 5-imino-2-pyrrolidinone3 ( I a )  . 
I R :  3325 (NH, broad); 1712, 1755 (C=O).  NMR (CF3C02H): 3.28 
(m, CH2CH2); 9.50 (broad s, both NH). Molecular i on  m/e va- 
lue:  98. 

3-Phenyl-5-imino-2-pyrrolidinone, mp. -230°, was prepared 

s imi l a r ly  from e thyl  3-carbethoxy-3-phenylpropionimidate i n  

65 % yie ld .  

I R :  3270 (NH, broad); 1705 (C=O).  NMR (CF3C02H): 3.47 (m, 
CEAHB); 3.92 cgBHA); 4.36 7.5 (m, c6H5); 9*56 
(s, MI=); 9.75 (s, -NH-); JAB = 19.5; JAx = 4.8; JBx = 8.9. 
Molecular i on  m/e value: 174. 

- Anal.: Calcd. for C10H10N20: C, 68.96; H, 5.75; N, 16.09. 
Found: C ,  69.15; H, 5.71; N, 15.97. 

b) From Imidate Hydrochlorides. - Methyl 3-carbomethoxy- 

propionimidate hydrochloride ( V a )  t r ea t ed  with 4 equivalents 

of NH i n  anhydrous ethanol and the mixture l e f t  standing 3 
days a t  room temp. gave, a f t e r  removal of NH4C1 and concen- 

t r a t i o n  of the f i l t r a t e  t o  approximately one-third of i t s  

i n i t i a l  volume, 49 % of Ia.  Further concentration of the mo- 

ther l i q u o r s  yielded 12 % of 3-carbomethoxypropionamidine hy- 

drochloride4 (IVa) . 

3 

An analogous r eac t ion  using Vb gave upon evaporation of 

the solvent a semi-solid mass which was washed with e the r .  

The residue upon t r i t u r a t i o n  with anhydrous ethanol, gave 17% 
of Ib,  pur i f ied  by repeated r e c r y s t a l l i z a t i o n  from ethanol.  

Attempts t o  i s o l a t e  IVb from the mother l i quor s  were unsuc- 

cess fu l .  
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5-IMINO-2-PYRROLIDINONE DERIVATIVES 

c) From 3-Cganopropionates. - A mixture of 5 g (0.025 mo- 
l e )  of ethyl 3-phenyl-3-cyanopropionate 7 (IIIb)  and 15 m l  of 

conc. aqueous ammonia was l e f t  standing a t  room temp. unt i l  

homogeneous (approximately 3 weeks). F i l t r a t ion  yielded 2.6 g 

(60 %) o f  I b .  Concentration of the f i l t r a t e  gave 0.9 g (20 %) 
of 3-phenyl-3-cyanopropionamide2 (IIb),  mp. 1 06-108° (MeOH) . 
I R :  2240 ( E N ) .  NbfR (CF3CO$): 3.28 (m, GI2); 4.25 (m, CH). 

I I b  treated with conc. aqueous ammonia and the mixture l e f t  

standing for  a few days yielded quantitatively Ib. 
4 I a  was prepared analogously from ethyl 3-cyanopropionate 

( I I I a )  i n  the yield of 54 %. No I I a  could be isolated from 
the mother l i q u o r s .  

When I I I b  and aqueous NH were homogeneous by addition of 3 
ethanol and the mixture was l e f t  standing no more than 3 day4 
the yield of  I b  dropped t o  23% and tha t  of I I b  rose t o  62%. 

Preparation of 3-Carbalko~propionimidates ( V I ) .  - I n  general, 

the procedure described f o r  e thyl  3-carbethoxypropionimidate 
was followed? The conversion of the hydrochlorides (V) i n t o  
V I  was accomplished by rapid shaking with saturated aqueous 

NaHCO and immediate extraction with ether .  The imidates were 
purified by d i s t i l l a t i o n  i n  vacuo. The following n e w  imidates 

were prepared i n  t h i s  way. 

3 

Ethyl 3-carbethoxy-2-phenylpropionimidate ( V I b ) ,  bp. 110- 

112O (0.2 mm). 

IR:  3330 (MI); 1735 (C=O); 1650 (C=N). NMR (CD3COCD3): 1.12 
and 1.28 (both t, CH2Cg3); 4.02 (9, both CHHCH3); 2.74 (m, 
cHc&); 6.92 (6, M); 7.24 (S, CgH5); CH of the CHCH2 ABX 
system was overlapped by the C$CH3 quartet. 

&&.: Calcd. f o r  C14H19N03: N, 5.62. Found: N, 5.55. 

(0.4 mm). 
Ethyl 3-carbe thoxy-3-phenylpropionimidate, bp. 120-1 23' 

IR: 3325 (NH); 1740 (C=O); 1660 (C=N).  NMR (CD3COCD3): 1.22 
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KOBERDA AND LANGE 

and 1.32 (both t, CH2Cg ); 4.20 (q, both Cg2CH3); 2.92 (m, 
CHCH2); 6.80 (broad s, &I)< 7.32 (s, C6H5); CH of  the CHCH2 
ABX system was overlapped by the Cg2CH3 quar te t .  

Anal.: Calcd. for CI4Hl9NO3: N, 5.62. Found: N, 5.69. 

Me thy1 3-carbomethoxypropionimidate (VIa), bp. 85-90' 

(15 mm). 

I R :  3325 (NH); 1740 (C=O); 1655 (C=N). NMR (CD COCD3): 2.48 
( s ,  CH2CH2); 3.58 (s, OCH ); 7.00 (broad s, NH3. 

- Anal.: Calcd. for C6HllN03: N, 9.65. Found: N, 9.82. 

Preparation o f  5-Alkylimino-2-p;yrrolidinones ( V I I ) .  - The 

imidate ( V I )  and a 10 % excess o f  a primary amine ( o r  a solu- 
t i o n  i n  arhydrous ethanol) were mixed and l e f t  standing f o r  
2 days a t  0'. Evaporation of the solvent and t r i t u r a t i o n  of 

the residue with dry e ther  gave V I I .  

3 
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