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The tautornerisrn of N- butyl- 2- methoxycarboayl-4- rnethylpyrrolid-3- 
one (I), N- butyl-4- rnethoxycarbonylpyrrolid-3-one (II), N- butyl-4- 
methoxycarbonyl-2-methylpyrrolid-3-one (III), N- butyl-4-methoxy- 
carbonylpyrrolid-3-one hydmchlofide (IV), and N-butyl-4-methoxy- 
carbonyl-2-rnethylpyrrolid-3-one hydrochloride (V) has been studied 
by UV and IR spectroscopy. It has been found that the esters I-V 
are highly ionized in aqueous and ethanolic solutions at concentrations 

-2 -3 of 10 -10 M. Oa passing from methyl cyclopentran-l-one-2-car- 
boxylate to the esters II and lII the position of the equilibrium in hep- 
tane and CC14 shifts in the direction of the keto form. On passing from 
the esters II and III to the esters IV and V, the position of the equili- 
brium shifts in the direction of the enol. Meyer's relationship is not 
satisfied for the esters II and III, while it is satisfied for the esters IV 
and V. Hypotheses have been put forward on the causes of the phe- 
nomena mentioned. 

Although heteroeycl ic  f i -ke toes te rs  a re  e i s - f ixed  
ketoenols they do not neces sa r i l y  sat isfy iVIeyer's equa- 
tion. Deviations are  possible ,  in the f i r s t  place,  be -  
cause of the d i s s im i l a r  solvation, and, consequently,  
the d i s s imi l a r  change in solvation on passing from one 
solvent to another,  of the heteroatoms of the ketonic 
and enolic forms.  Causes for  d i s s imi l a r  solvation may 
be the p resence  of conjugation with the heteroatom in 
one fo rm and its absence in the other,  or  a difference 
in the conformations of the tantomers .  In the second 
place,  deviations f rom Meye r ' s  equation are  possible 
because of in te rmolecu la r  interact ions of the tan tomer ic  
fo rms  with one another. We have shown [1] that Meyer ' s  

equation is not sat isf ied in the case of the N-a lky l -3-  
methoxyearbonylpiper id-4-ones  because of the d i s s im-  
i lar  solvation of the heteroatoms of the ketonic and 
enolic fo rms  due to a d i f ference in thei r  conformations.  
In view of what has been said above, it appeared of in-  
t e r e s t  to study the influence of the solvent on the tan- 
t omer i sm of the N-alkyl-4 (2)-methoxycarbonylpyrrol id-  
3-ones and the i r  hydrochlorides.  

We have previously  [1] established that at a concen- 
trat ion Of 5 • 10-3M, the N-a lkyl -3-methoxyearbonyl -  
p iper id-4-ones  exhibit appreciable ionization in the UV 
spec t ra  only in aqueous solutions, while thei r  hydro-  
chlorides show no appreciable ionization even in aque- 
ous solutions at a concentrat ion of 5 x 10-sM. Ethyl 
cye lohex- l -one -2 -ca rboxy la t e  has a pK value in water  
of 12.8 [2] and the considerable  ionization of the N- 
a lkyl -3-methoxycarbonylpiper id-4-ones  in aqueous so-  
lution is apparently due to the basic p roper t ies  of the 
t e r t i a ry  amino group. A smal l  capacity for  ionization 
could have been expected in the N-alkyl-4(2)-methoxy-  
ca rbonyl -pyr ro l id -3-ones  since the N-a lk lp iper i -  
dines are  general ly  only slightly more  basic than the 
N-alkylpiperidines [3,4] and ethyl cyc lopen tan - l -one -  

2-carboxylate  has a pK value in water  of 10.7 [2]. 

Amine hydrochlorides do not possess  basic p roper t ies  
and the absence of appreciable ionization in the UV 
spec t ra  for the hydrochlorides of the N-a lkyl -4-methoxy-  
carbonylpr ro l id-3-ones  even in aqueous solutions at 

concentrations of 5 x 10-SM could have been expected. 
We have also observed previous ly  [5] that on pass -  

ing f rom methyl cyc lopen tan- l -one-2-carboxyla te  to 
methyl te t raphdrothiophen-3-one-4-carboxyla te  the 
postion of the equil ibr ium shifts strongly in the d i r ec t -  
ion of the enolic form. This is apparently due to d i s -  

s imi la r  changes in the tors ional  s train i n t h e t a u t o m e r -  
ic fo rms  on replacing a C--C bond by a C--S bond 

(bar r ie rs  to rotation about the bonds 2.9 and 1.3 k c a l /  
/mo le ,  respec t ive ly  [6]). Torsional  s t ra in  has a great  
influence on the p roper t i es  of compounds with f ive-  
membered rings.  In cyclopentane, for example, it 
leads to a bending of the r ing and in consequence of 
this to a change in the f requencies  of some basic 
vibrat ions,  to the appearance of a new vibration con- 
nected with the motion of the atoms of the r ing perpen-  
dicular  to its plane, and to the appearance of pseudo- 
rotation, which makes corresponding contributions to the 

entropy and enthalpy [7, 8]. The exist ing methods of 
calculating thermodynamic functions [9] do not permi t  
an evaluation of the change in the contribution f rom the 
torsional  s t rain to the entropy of the tautomeric  forms 
of methyl cyc lopen tan- l -one-2-carboxyla te  when a CH~ 
group of the r ing is replaced by S-atom. However, 
a s imple empir ica l  method [10] pe rmi t s  an evaluation 
of the change in the contribution of the torsional  s t rain 
to the enthalpies of the forms.  Since the b a r r i e r  to 
rotation round a C--S bond is less  than round a C--C 
bond, this contribution will dec rease  in both f o r m s ,  
but to a sma l l e r  extent in the nonplanar keto fo rm [11] 
than in the more  planar enol fo rm [12]. The shift in 
the position of the equil ibr ium in the enol direct ion ex-  
pected f rom this difference on passing f rom methyl 
cyc lopentan- l -one-2-carboxyla te  to methyl te t rahydro-  
th iophene-3-one-4-carboxyla te  corresponds to the ob- 
served difference.  

There should be a s im i l a r  influence of the change in 
torsional  s train on the equil ibr ium on passing f rom 
methyl cyc lopen tan- l -one-2-ca rboxyla te  to a N-alkyl-  
4-methoxycarbonylpr ro l id-3-one ,  since the b a r r i e r  to 
rotation round a C--N bond (1.9 k c a l / ~ o l e  [6]) is less  
than round a C---C bond. The actual shift will also depend 
on the van der  Walls interact ions of the alkyl radical  on 
the nitrogen atom. The atomic dis tances of the ==CH 2 and 
=NR groups are  s imi la r  [13]. The s te r ic  requi rements  
of the f ree  e lec t ron pair  of a nitrogen atom are  not 
g rea te r  than those of a hydrogen atom [1, 14]. 
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Fig. i. 
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IR spec t ra  of the e s t e r s  I -V:  a) in the liquid s tate;  b) in CCl4; c) in the solid 

state;  d) in isobutanol.  
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Fig. 2. UV spectra of the ester I: a) in water (e 3.3 x 
x 10 -3 M); b) in methanol (c 9.4 • 10 ̀3 M); c) in 
ethanol (c 8.5 x 10 -3 M); d) in isobutano| (c 2.1 • 

x 10 -3 M); e) in heptaae (c 2.2 x 10 -3 M). 
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Fig.  3. UV s p e c t r a  of the e s t e r  II: a) in 0.0014 N c a u s t i c  
soda  so lu t ion  (c 1.4 x 10 -3 M); b) in w a t e r  (c 1 .4  x 10 -~ 
M); c) in m e t h a n o l  (c 3.5 x 10 -3 M); d) in e thano l  (c 7 x 
x 10 -2 M); e) in i s o b u t a n o l  (c 1.8 x 10 -2 M); f) in  h e p t a n e  

(c 1.5 X 10 -2 M). 
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Fig.  4. UV s p e c t r a  of the  e s t e r  Ill: a) in w a t e r  (c 1.6 x 
x 10 -3 M); b) in m e t h a n o l  (c 3.4 x 10 -~ M); c) in  e thano l  

(c 4 x 10 -3 M); d) in i s o b u t a n o l  (c 4.8 x 10 -3 M); e) in 
i sobu tano l  (c 4 x 10 -3 M); f) in h e p t a n e  (c 6.7 x 10 -3 M). 
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Fig. 5, ~ spectra of the ester IV: a) in water (c 2.6 x 
x 10 -3 M); b) in methanol  (c 3 x 10 -~ M); c) in methanol  
(c 1.6 x 10 -2 M); d) in 0.00064 N HC1 solut ion (c 6.4 x 
x 10 -4 M); e) in ethanol (c 3 x 10 -3 M); f) in isobutaaol  

(c 2.6 x 10 -3 M). 
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Fig. 6. UV s p e c t r a  of the e s t e r  V: a) in wa te r  (7.5 • 
• 10 -4 M); b) in methanol  (c 1.3 • 10 -3 M); c) in wa t e r  
(c 1.3 • 10-2 M); d) in methanol  (c 1.5 • 10 -2) e) in 
ethanol  (c 1.3 x 10 -3 M); f) in isobutanol  (c 1.3 • 

x 10 -3 M). 
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The tautomerism of N-butyl -2-methoxycarbonyl-4-  
methylpyrrol id-3-one (I), N-butyl -4-methoxycarbonyl-  
pyr ro l id-3-one  (II), N-butyl -4-methoxycarbonyl-2-  
methylpyrrol id-3-one (III), N-butyl-4-methoxycarbonyl-  
pyr ro l id-3-one  hydroclfloride {IV), N-butyl-4-methoxy-  
carbonyl -2-methylpr ro l id -3-one  hydrochloride (V) 
has been studied by UV and IR spectroscopy 

H3C \ :a el.~C ,\ .~0" H.~C\. jOH 

: \ N . . ~ :  \ 9 \  
~fiOOCH 3 ",,~ COOCH3 " i  ~ COOCH3 I 

C~H~ C;H~ C~H~ 
I R/~'N~O* jCOOCH a ~ R/~'''N)O~C'~:2"COOCH 3 + H + ~ HO/,/~/COOCH s R / ~ N  

C~H 9 C~Hg C~H~, 
I I ,  i l l  II R=H; IH R=CH~) 

The UV spectra  of the es ters  I - V  were recorded in 
water,  alcohols, and heptane. Solutions of the es ters  
I - I I I  were prepared f rom the liquid substances in the 
equil ibr ium of which the keto form predominates ,  so-  
lutions of the es te r  IV from the solid ketone form, and 
solutions of the es te r  V form the solid enol (according 
to the IR spectra,  see Fig. 1). The high values of the 
molar  extinction coefficients in the UV spectra  of the 
above-prepared solutions of the es te rs  I - IV  in water  
and in alcohols (15-45 min after preparat ion)  show the 
high ra te  of es tabl ishment  of equi l ibr ium in these so-  
h t ions .  These values,  like those for the es te r  V, are 
reproduced in the spectra  of solutions after they have 
stood for 3 hr and in the spectra  of solutions prepared 
anew (apart f rom the values for the spectra  of metha- 
nolic solutions of the es ters  II and V). Consequently, 
apart  from the exceptions mentioned, they may be con- 
s idered as the equil ibr ium values. The values of the 
molar  extinction coefficients and the spectra  of heptane 
solutions of the es ters  I - I I I  taken one hour and 24 hr 
after the preparat ion of the solutions are s imi la r  and 
may also be taken as the equil ibr ium values. The in-  
tensi t ies  of the absorption of the solutions of es ters  
I - V  decrease  on standing. 

Es ter  I has hmax 266 nm (Fig. 2) and the es ters  
I I - V  hmax about 240 and 275 nm (Figs. 3-6). The re l -  
ative intensi t ies  of the shortwave and long-wave ab- 
sorption of the es ters  I I -V  depend on the nature  of the 
solvent and the concentration of the solute. When the 
polari ty of the solvent is increased and the concentra-  
tion of the solute is decreased,  the intensity of the 
band at about 240 nm decreases ,  while the intensity of 
the band at 275 nm increases .  An alkaline solution of 
the es ter  lI absorbs at 279 nm (Fig. 3). An alkaline 
solution of es ter  I absorbs at 269 nm (the intensity of 
the absorption rapidly falling). When an aqueous solu-  
tion of the es te r  IV is acidified, the intensity of ab- 
sorption at 242 nm increases  and the intensity of ab- 
sorption at 275 nm decreases  (Fig. 5). 

The changes observed in the UV spectra  permi t  the 
conclusion that dissociation takes place in solutions of 
es ters  I-V. The band at about 240 nm relates  to the 
absorption of the undissociated enol (247 nm in 4 - m e -  
thoxycarbonyl-3-exotetrahydrothiophene,  and 257 nm in 
the es ters  of eyc lopentan- l -one-2-earboxyl ic  acid [5]), 

and the band at 275 nm in the es ters  I I -V  and at 266 
nm in the es ter  I to the absorption of the anion (281 nm 
in 4-methoxycarbonyl-3-oxotetrapydrothiophene and 
286 nm in ethyl cyc lopentan- l -one-2-carboxyla te  [15]). 
Changes analogous to ours have been observed in the 
UV spectra of a ser ies  of t rans- f ixed 3-diketones and 
have been explained by their  dissociat ion [16]. The 
esters  II and III (molar extinction coefficient of the 
anion 15,000) contain the following percentages of the 
anion: in water 89 and 93, in methanol >24 and 27, in 
ethanol 23 and 21, and in isobutanol 8.6 and 5.3, r e -  
spectively. The es ter  I is ionized even in heptane. The 
es ters  IV and V contain >10.3 and >14.3~0, respectively 
of the anion in water (the maximum possible value 
of 30,000 was taken as the molar  extinction coefficient 
[15]), and they exhibit absorption of the anion in alco- 
holic solutions (Figs. 5 and 6). 

Thus, the capacity for ionization of the es ters  I - I I I  
proved to be considerably grea ter  than expected and 
considerable ionization was detected in the es ters  IV 
and V (pK in water on the basis  of the law of mass  
action <4.5). This complicated the determinat ion of 
the keto-enol equi l ibr ium in solutions of the es ters  
I - V  from their  UV spectra.  However, it can be seen 
from the spectra  that for the es ters  IV and V (Figs. 5 
and 6) Meyer ' s  relat ionship is satisfied (the content of 
enol in the equi l ibr ium increases  with a decrease  in 
the polari ty of the solvent), while for the es te rs  II and 
III it is not satisfied on passing from isobutanol solu- 
tion to a solution in heptane (Figs. 3 and 4). According 
to the IR spectra,  Meyer ' s  relat ionship is not sa t i s -  
fied for the es ters  I - I I I  on pass ing from the liquid 
state to solution in CC14 (Fig. 1). According to the UV 
spectra,  in heptane there is less  of the enolic forms 
in the equil ibria  of the es ters  II and III (a of the enol 
in heptane 800-1200) than in the es ter  of cyelopentan- 
1-one-2-earboxyl ic  acid (a of the enol in heptane 4300 
[15]) and in 4-methoxyearbonyl-  3-oxotetr ahydrothiophene 
(e of the enol in hexane 7900). This conclusion is con- 
f i rmed by a comparison of the IR spectra  of the es ters  
I! and III(Fig. 1), of the es ters  of cyc lopen tan- l -one-  
2-carboxylic acid, and of 4-methoxycarbonyl-3-oxotet-  
rahydrothiophene [5] in CC14. On passing from the 
es ters  II and III to the es ters  IV and V the position of 
the keto-enol equil ibrium shifts in the direction of the 
enolic form, i . e . ,  just  as on pass ing from N-alkyl -3-  
methoxycarbonylpiperid-4-ones to their  hydrochlorides 

[1]. 
The question of the assignment  of the frequencies in 

the 1800-1600 cm-l reg ion  in the IR spectrum of #-keto-  
es ters  with 5-membered  rings has not been answered 
in the l i tera ture  [17]. On passing from the es ters  of 
eye lopentan- l -one-2-carboxyl ic  acid [5] to the es ters  
I -V ,  the 1740 cm -~ bandis  retained and the 1760 em -1 
band is shiftedto 1780 em -~. Under these conditions it is 
most probably the frequency of the s tretching v ib ra -  
tions of the cyclic carbonyl group that undergoes change. 
It is considered [18] that the frequency of the s t re tch-  
ing vibrations of a cyclic earbonyl group depends on 
the size of the valence angles at it. In our examples, 
the change of valence angles can be explained only by a 
change in the s t ra in  of the molecule and therefore the 
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h igh  f r e q u e n c y  of the  s t r e t c h i n g  v i b r a t i o n s  of the  cyc l i c  

e a r b o n y l  shows  the  g r e a t e r  s t r a i n  in t he  k e t o  f o r m  of 

the  e s t e r s  I - V  than  in the  ke to  f o r m  of an  e s t e r  of 

c y e l o p e n t a n - l - o n e - 2 - e a r b o x y l i c  acid .  The  f r e q u e n c y  

of the  s t r e t c h i n g  v i b r a t i o n s  of an  e s t e r  g roup  in a c h e -  
l a t e  r i n g  i s  c o n n e c t e d  wi th  the  s t r e n g t h  of the  c h e l a t e  
h y d r o g e n  bond [19]. The  i n c r e a s e  in t he  f r e q u e n c y  of 
t h e s e  v i b r a t i o n s  in  t he  eno l i e  f o r m  of the  e s t e r s  I - V a s  
c o m p a r e d  w i th  the  enol ic  f o r m s  of the  e s t e r s  of c y c l o -  
p e n t a n - l - o n e - 2 - e a r b o x y l i c  ac id  i n d i c a t e s  a w e a k e n i n g  

of the  c h e l a t e  h y d r o g e n  bond,  wh ich  can  only  be  a c o n -  

s e q u e n c e  of the  d e f o r m a t i o n  of the  c y c l o p e n t e n e  r i n g  
due to h igh  s t r a i n .  A s p l i t t i n g  of the  1730 c m  -i  band  in 

the  IR s p e c t r a  of i s o b u t a n o l  so lu t i ons  of e s t e r s  of c y c -  
l o p e n t a n - l - o n e - 2 - c a r b o x y l i c  ac id  h a s  b e e n  o b s e r v e d  
p r e v i o u s l y  [5]. T h i s  s p l i t t i n g  i s  found s t i l l  m o r e  d i s -  

t i nc t l y  in the  s p e c t r a  of i s o b u t a n o l  so lu t i ons  of the  
e s t e r s  I - I I I  and,  p a r t i c u l a r l y ,  IV and V (Fig.  1). The  
n a t u r e  of the  s p l i t t i n g  is o b s c u r e .  In the  2500-3700  
c m  -i  r e g i o n  of the  IR s p e c t r a ,  t he  e s t e r s  I - I I I  have  the  

fo l lowing  a b s o r p t i o n  b a n d s ,  c m - l :  I) 2815,  2882,  2940, 
2960; II) 2750, 2810,  2870, 2930, 2950; III} 2752, 2820, 
2875, 2932, 2941.  

The  f e a t u r e s  of the  IR s p e c t r a  show the  e x i s t e n c e  of 
s t r a i n s  in  the  t a n t o m e r i c  f o r m s  of e s t e r s  I -Vo The  
m o s t  p r o b a b l e  c a u s e  of s t r a i n  i s  van  d e r  Waa l s  i n t e r -  
a c t i o n s  ~dth  the  p a r t i c i p a t i o n  of the  buty l  r a d i c a l  on 
t he  n i t r o g e n  a tom.  T h e s e  i n t e r a c t i o n s  c a u s e  a d e f o r m -  
a t ion  of the  r i n g s  of t he  t a u t o m e r i c  f o r m s ,  wh i l e  i n t h e  
eno l ic  f o r m  the  d e f o r m a t i o n  of the  c y c l o p e n t e n e  r i n g  
l e a d s  to  a d e f o r m a t i o n  of t he  che l a t e  r i n g  and,  b e c a u s e  
of t h i s ,  to a d e c r e a s e  in con juga t ion .  The  d e c r e a s e  in  
con juga t ion  in the  eno l i c  f o r m  ev iden t ly  exp l a in s  t he  
sh i f t  in  the  p o s i t i o n  of the  e q u i l i b r i u m  in t he  d i r e c t i o n  
of the  ke to  f o r m  on p a s s i n g  f r o m  m e t h y l  c y c l o p e n t a n - 1 -  
o n e - 2 - c a r b o x ' y l a t e  to the  e s t e r s  II and III, and t h e h i g h  
a c i d i t i e s  of the  eno l s  of the  e s t e r s  I - V .  The  h i g h a c i d -  

i ty of the  ke to  f o r m s  of the  e s t e r s  I - V  m ay  be  con -  
n e c t e d  wi th  the  g r e a t e r  p o s s i b i l i t i e s  f o r  van  d e r  Waa l s  
i n t e r a c t i o n s  of the  m e t h y l  r a d i c a l  on the  n i t r o g e n  a t o m  
in the  ke to  f o r m t h a n  in t he  anion.  It  m u s t  be  m e n t i o n e d  
tha t  t he  ac id i ty  of the  f o r m s  in aqueous  and a l coho l i c  
s o l u t i o n s  m a y  b e  a f f ec t ed  by  t h e  d i s s i m i l a r  o b s t r u c -  

t i ons  to  t he  s o l v a t i o n  of the  n i t r o g e n  a t o m  in the  t a n t o -  
m e r l e  f o r m s  and in the  anion.  The  n o n f u l f i l l m e n t  of 

M e y e r ' s  equa t ion  f o r  the  e s t e r s  II arid III in  the  c a s e s  
m e n t i o n e d  above  i s  a p p a r e n t l y  due to i n t e r m o l e c u l a r  

i n t e r a c t i o n s  of the  t a n t o m e r i c  f o r m s  wi th  one a n o t h e r .  
The  e s t e r s  I and  III w e r e  ob ta ined  by the  c y c l i z a t i o n  

of b u t y l ( m e t h o x y -  c a r b o n y l m e t h y l ) ( 8 - m e t h o x y c a r b o n y l -  
p r o p y l ) a m i n e  (VI) and  b u t y l ( a - m e t h o x y c a r b o n y l - e t h y l )  
( / 3 - m e t h o x y c a r b o n y l e t h y l ) a m i n e  (VII), r e s p e c t i v e l y .  In 
t h e s e  c a s e s  c o n d e n s a t i o n  can  t ake  p l ace  only in one 
d i r e c t i o n  [20, 21], and the  s t r u c t u r e  of the  r e a c t i o n  
p r o d u c t s  does  not  g ive  r i s e  to doubt .  The  c y c l i z a t i o n  
of butyl(/3 - m e t h o x y c a r b o n y l e t h y l ) ( m e t h o x y c a r b e n y l -  
m e t h y l ) a m i n e  (VIII) m a y  t ake  p l a c e  in two d i r e c t i o n s ,  
and the  ques t i on  of w h i c h  ha s  not  b e e n  a n s w e r e d  in the  
l i t e r a t u r e  [20]. On c o m p a r i n g  the  p r o p e r t i e s  of the  
e s t e r s  I ( 2 - m e t h o x y c a r b o n y l  i s o m e r )  and III ( 4 - m e t h o x y -  
c a r b o n y l  i s o m e r ) ,  we found t h a t  t hey  d i f f e r  c o n s i d e r -  
ably. Unl ike ,  the  e s t e r  I, t he  e s t e r  III, when  h y d r o -  

gen c h l o r i d e  i s  p a s s e d  t h r o u g h  an e t h e r e a l  so lu t ion ,  

f o r m s  a so l id  h y d r o c h l o r i d e  in q u a n t i t a t i v e  y ie ld  and 

w i t h  e x c e p t i o n a l  e a s e .  In the  UV s p e c t r a ,  t he  a b s o r p -  

t ion  m a x i m u m  of the  an ion  i s  a t  266 n m  fo r  the  e s t e r  I 

and at 275 n m  fo r  the  e s t e r  III. The  p r o d u c t  o f t h e D i e k -  
m a n n  c o n d e n s a t i o n  of compound  VIII f o r m s  a so l id  
h y d r o e h l o r i d e  in q u a n t i t a t i v e  y i e ld  when  h y d r o g e n  ch lo -  

r i d e  i s  p a s s e d  t h r o u g h  an e t h e r e a l  so lu t i on ,  and i t s U V  
s p e c t r u m  has  the  a b s o r p t i o n  m a x i m u m  of the  an ion  at  
275 nm.  T h u s ,  i t  is  the  4 - m e t h o x y c a r b o n y l  i s o m e r  
( the e s t e r  II). 

O \ /COOEH3 

.~<,, 
HaCOOCCH~CH,",--C~ ~COOCH 2 --/ C4H~/O 

c,H~ \ , ' / "cooc.~  VIII  

C4H ~ 

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

Methyl~-butylaminopropionate. This was obtained by a method 
similar to that Riven by Leonard et al. [22]. At 20-25 ~ C, 13 g (0.16 
mole) of freshly distilled methyl acrylate was added to 10 g (0.14 
mole) of butylamine in 100 ml of methanol. After being stirred for 
2 hr, the solution wa~ slowly heated to 60 ~ C. The alcohol and the 
unchanged starting materials were driven off in vacuum, and the re- 
sidue was distilled. Yield 12.4 g (57~ bp 106 ~ C (14 am) n~ 
1,4290; d42t 0,9268, Found, ~ N 8,52, Calculated for CsHI7NO2, % 
N 8.79. 

Butyl (~ "methoxyea rbonylethyl)(merhoxycarbonylm ethyl)amine 
(VIII). This was obtained by a method similar to that given by Clemo 
et al. [28]. A mixture of 11.5 g (0.07 mole) of methyl fi-butylamino- 
propionate, 7.7 g (0.07 mole) of methyl chloroacetate, and 25 g of 
anhydrous potassium carbonate was heated in the water bath for 18 hr. 
Then water was added, the oil was extracted with ether, and the ethe- 
real extract was dried over ivlg604. The ether was driven off in vacuum 
and the residue was distilled. Yield 10.8 g (64.7 %), rnp 142 ~ C (16 ram); 
n~ 1.4489; d~ z 1.0219. Found, %: N 6.06. Calculated for CtlHztNO4, 
%: N 6.06. 

N-Butyl-4-methoxyearbonylpyrrolld-8-one (II). In drops, 17;3 g 
(0.075 mole) of VIII was added tea  suspension of 4.4 g (0.08 mole) of 
sodium methoxide in 100 ml of absolute benzene. The solution was 
stirred for 2 hr and was sIowly heated to 60 ~ C, and then it was cooled 
to 10 ~ C, and 50 ml of water was added. The benzene layer was sepa- 
rated off and the aqueous layer was neutralized with acetic acid ex- 
tracted with benzene. The benzene was evaporated off from the extract 
in vacuum, and the residue was distiled. Yield 5.1 g (32%), bp 92-% ~ C 
(1 ram); n~ 1.4656; d~ ~ 1.0538. Found, %: N 7.03; MR D 52.29. Cal- 
culated for CIoHITNOz, ~o: N 7.03; MR D 52.83 (enol), 51.78 (ketoform). 

N-Butyl-4-methoxycatbonylpyrrolid.8.ene hydtoehloride (IV). D ry 
hydrogen chloride was passed through a solution of 5 g (0.025 mole) of 
the ester II in 60 mi of absolute ether. Colorless erysta!s of the hydro- 
chloride began to deposit immediately and after four recrystallizations 
from acetone and ether they had mp 116-117 ~ C. Yield 6.4 g (92~ 
Found, ~o; N 6.04; C1 15.17. Calculated for C10H17NO z �9 HC1, %: 
N 6.94; C1 15.07. 

Sutyl(a -methoxyearbonylethyl)(~ -m ethoxycarbonylethyl) amine 
(VII). This was obtained in a similar manner to the amine VIII from 
methyl ~'butylaminopropionate and methyl c*-brcmopropionate. Yield 
610]o. Mp 143-144" C (10 ram); n~ 1.4429; d~ ~ 1.0008. Found, %: 
N 6.00. Calculated for ClzHz3NO4, qo: N 6.71. 

N-Butyl-4-methoxyeatbonyl-2-methylpytrolid-8-one (III). This 
was obtained in a similar manner to the ester II from the amine VII. 
Yield 84.7%. Bp 94-96~ (1 ram); u~ 1.4690; d~ ~ 1.0270. Found, 0]0 
N 6.57; MR D 56,77, Calculated for Chilled'q%, 0]0: N 6.67; MRD56.40 
(keto form); 57.45 (enol). 

N-Butyl-4-raethcxycarbonyl-2-methylpyrrolid.3.one hydroehloride 
(V). This was obtained in a similar manner to the hydrochloride IV. 
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Yield 93~ mp 101.5-102 ~ C. Found, ~o: N 5.56; C113.99. Calculated 
for CuHi~iqO a " HC1, %: N 5.61; C1 14.20. 

Methyl ~butylaminobutyrate. To 12 g (0.16 mole) of butylamine 
in 10O ml of absolute methanol was added 17 g (0.17 mole) of freshly 
disdlted methyl methaerylate. The reaction mixture was left for 48 hr. 
The alcohol and the unchanged starting mamrials were driven off in 
vacuum, and the residue was distilled. Yield 12.8 g (45%), bp 89* C 
(12 ram); n~ 1.4320; d~ ~ 0.9170. Found, %: N 8.1co. Calculated for 
C9HIgNO2 ' 0~ : N 8.09. 

Butyl(methoxyearboaylm ethyl)(&m ethoxycarbonylpropyl)amine 
(VI). This was obtained in a similar manner to the amine VIII from 
methyl ~-butylaminobutyrate and methyl chloracetate. Yield 50% 
bp 142-143 ~ C (15 ram); n~ 1.4425; d~ ~ 1.0076. Found, %: N 6.09. 
Calculated for CIzHz~NO 4, %: N 5.71. 

N-Butyl-2-methoxyearbonyl-4-methylpyrmlld-3-one (1). This was 
obtained in a similar manner to the ester II from the amine VI. Yield 
22%, bp 117 ~ C (2 mm); n~ 1.4633; d4ZZ 1.0246. Found, %: N 6.42; 
MR D 58.77. Calculated for CllHlsNQ, %: N 6.57; MR D 57.45 (enol), 
56.40 (keto form). 

The IR spectra in the 1900-700 cm "1 region were recorded on a 
Hilger H-800 spectrophotomemr and in the 2500-3700 cm "x region on 
an IKS-14 spectrophotometer. The UV spectra were recorded on a 
Unicam SP-500 spectrophotometer. 
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