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It is shown by means of IR and PMR spec t r a  that the products  of the aminolys is  of e s t e r s  of 
3,3- dimethyl  (2-carbethoxy) levulinic acid and T -chloro- /3 , f l ,T- t r imethylbutyrolaotone exis t  in 
the cycl ic  fo rm of 2 -hydroxy-5 -py r ro l idones  (In-d). It was es tab l i shed  by PMR spec t roscopy  
that,  except  for  the 4 - c a r b a m i d o  der ivat ive  (Id), these  compounds undergo spontaneous dehy-  
drat ion in anhydrous solutions. In addition, r i ng -cha in  t an tomer ic  equi l ibr ium is es tab l i shed  
in solutions of the N-phenyl der ivat ive  (Ib). The r a t e s  of es tab l i shment  of equi l ibr ium and 
the equi l ibr ium posi t ions were  invest igated for  both p r o c e s s e s .  

A smal l  number  of studies [2, 3] have been devoted to the p ro to t rop ic  r i n g - c h a i n  t a u t o m e r i s m  of 
amides  of 7 - k e t o  acids (the cycl ic  t a u t o m e r s  of which are  2 -hydroxy-5 -pyr ro l idones ) ,  but this t au tomer ic  
equi l ibr ium has  not been quanti tat ively studied up to now. In most  cases ,  e i ther  the cyclic  or  acycl ic  m e m -  
be r  of the pa i r  of t a u t o m e r s  ( r a re ly  both) was isolated.  Since t au tomer ic  equi l ibr ium can be es tab l i shed  
e x t r e m e l y  slowly, one cannot draw c l ea r  conclusions re la t ive  to the s tabi l i t ies  of the t a u t o m e r s  f rom the 
fact  of the isolat ion of one of the fo rms .  To solve this p rob lem,  we studied the posi t ion of the 2 -hydroxy-  
5 -pyr ro l idone  (D ~ 7 -keto  acid amide (IID r i n g - c h a i n  t au tomer ic  equi l ibr ium without r ecour se  to the 
isolat ion of the individual t au tomers .  We also studied the phenomenon of spontaneous dehydras of 2-  
hydroxy-5 -pyr ro l idones  (I) to enepyrro l idones  (I1) in solutions; up until now, the poss ib i l i ty  of the occu r -  
rence of th is  sor t  of p r o c e s s  has not been taken into account, and the dehydration products  have not been 
dete cte d. 
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The 2 -hydroxy-5 -py r ro l idones  (Ia-d) we re  synthes ized by aminolys is  of ~ , -ch loro- f l , f l ,T- t r imethy l -  
butyrolantone at 0~ (Ia, c) and 95-100 ~ (Ib), of methyl  3 ,3-dimethyl levul inate  at 140-170 ~ (Ia), and of ethyl 
3 ,3 -d lmethy l -2-carbe thoxylevul ina te  at 90-100 ~ (Id). In the crys ta l l ine  state,  I a -d  apparent ly  have cycl ic  
hydroxylac tam s t ruc tu re  I,$ as follows f rom the IR spec t r a  of KBr  pel le ts  and minera l  oil suspensions  of 
c r y s t a l s  of these  substances  (Table 1) and a compar i son  of the s p e c t r a  with those in [3, 4]. The poss ib le  

*See [1] for  communicat ion  VIII. 
The s t ruc tu re  of the r i n g - c h a i n  t a n t o m e r s  in the c rys ta l l ine  state depends on the method used  for  the i r  

synthes is .  The amides  of levulinic acids obtained by var ious  methods usual ly  have cycl ic  s t ruc tu re  I in 
the crys ta l l ine  state.  However ,  it was  recent ly  demons t ra ted  [3] that  even for  the same  synthetic  method, 
the s t ruc tu re  of the amides  obtained may be de te rmined  by the conditions used  to c a r r y  out the p roces s .  

All-Union Sc ien t i f l c -Research  Vitamin Institute.  T rans l a t ed  f rom Khimiya Getero ts ik l icheskikh  
Soedinenii, No. 1, pp. 22-26, J anua ry  , 1973. Original ar t ic le  submit ted December  10, 1971. 

�9 1975 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West I7th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available/tom the publisher for $15.00. 

18 



TABLE 1. IR Spectra of Ia-d  

Compound 

la 

lb 

I C  

Id 

I 

- - -  K B r a  

ab road  band. 

Stretching vibrations, cm -1 

CHCI:~ a,b 

vOH, NH 3335 
3220 

vCO 1660, 
1700 

vOH 3430= 
vCO 1670-- 

1690f' 
vOH 
~CO 
vNH, NH2 3370, 
vOH 3180 
�9 vCO 1680, 

1720 

bFor  2% solutions 

Mineral oil a 

3427 3230-3330 a, e 3335 
3220 

1712 a (shoulder 1670) 1670, 1705 

3300--3550 c 

1655, 1710 

3230---3500 a, d 
1645 1680--1720a, f 

the intensity and position of the 
bands did not change on passing f rom concentration of 0.05% to 3% 
in chloroform solution). CAn absorption band at 3450 cm -I was 
isolated on dilution of the solution, dAn absorption band at 3470 
cm -1 was isolated on dilution of the solution, eThis band disap- 
pears  in the spec t rum of a chloroform solution of this compound 
on deuterat ion (by shaking twice in D~O solution with subsequent 
removal  of the solvent), and a v OD band appears at 2660 cm -1. 
fThe band is split. 

acyclic  keto-amide s t ructure  (III) is not confirmed in view of the absence in the spect ra  of Ib, c of absorp-  
tion at 1510-1570 cm -1 (amide II band) and the absence of two absorption bands of equal intensity at 1720 
and 1630-1680 cm -1 (ketone and amide C =O groups, respectively) (there are  absorption bands of weak in- 
tensi ty  in the spec t ra  of Ib, c at 1660-1670 cm-1). Compounds Ia-d also exist in cyclic form I in solutions. 
The IR spec t ra  of chloroform solutions of Ia -c  contain absorption bands at 3230-3500 cm -1 that are cha r ac -  
te r i s t ic  for  the stretching vibrat ions of an OH group involved in an in termolecular  hydrogen bond (these 
bands disappear on deuteration). The PMR spec t ra  of these compounds, r ecorded  immediately after  dis-  
solving, contain exclusively signals of the cyclic form of I, as, for example, in the spec t rum of hydroxypyr -  
rolidone Ia in D20 solution (15 min after dissolving, Table 2). The signals of this form are readily dist in- 
guished f rom the signals of the other forms,  since the nonequivalence of the protons of the methylene group 
(an AB system) and of the geminal methyl groups is manifested only in cyclic form I, and the signal of the 
methyl group in the 2 position is found at 1.3-1.5 ppm. 

By means of PMR spectroscopy,  we showed that hydroxypyrrol idones Ia-c  in anhydrous solvents un- 
dergo spontaneous dehydration to 2-methylene-5-pyr ro l idones  (enepyrrolidones) I Ia-c  in 6-49% yields at 
room tempera ture  (Table 3). The rate and extent of dehydration depend on the s t ructure  of the hydroxypyr-  
rolidone and the charac te r  of the solvent. The assignment of the signals for enepyrrol idones II was made 
on the basis  of a compar ison with the spec t rum of an analytically pure sample of IIa; the signals of the non- 
equivalent olefin protons at 4.0-4.3 ppm (Table 2) are charac ter is t ic .  It should be noted that enepyrrol idone 
IIa is rapidly hydrated to hydroxypyrrolidone Ia in aqueous I320 solution, while hydroxypyrrol idone Ia does 
not undergo spontaneous dehydration, in aqueous D 20 solution.  A hydroxypyrroldone ~ enepyrrolidone (I 
ID equiIibrium is apparently set up in anhydrous solvents. This is confirmed by data on the revers ib i l i ty  
of this equilibrium as a function of tempera ture .  Thus rais ing the tempera ture  to 60-80 ~ causes a cons ider -  
able shift of the equilibrium to the right. The equilibrium is shifted to the left when the equilibrium mix- 
ture is cooled to room tempera ture .  The equilibrium concentrat ion of cyclic enepyrrol idones I Ia ,b  is es tab-  
lished in ~3 h in chloroform solutions and after  0.6 h (lib) and 44 h (IIa) in pyridine solutions. T h e  p e r -  
centage of enepyrrolidone IIa 8 h after  dissolving in CD3NO 2 and CD3COOD is 34 and 33%, respectively.  It 
is interest ing that hydroxypyrrol idone Id, which has an additional carbamido group in the 4 position, does 
not undergo dehydration. 

2 ,3 ,3 -Tr ime thy l -2 -hydroxy- l -pheny l -5 -py r ro l idone  (ib), which has a phenyl substituent attached to 
the nitrogen atom, undergoes a tautomeric  conversion to an acyclic tautomer  - the anilide of 3 ,3-dimethyl-  
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T A B L E  2. C h e m i c a l  Shif ts  (6, ppm) of  the  P r o t o n s  of I, II, and III  

Com- 
pound Solwm 3-(CH3)2 2-CH~ 4-CH~ 

I~ a 
la 
Ia 
]a 
Ia 
Ib 
Ib 

Ic" 

IIa 

IIa 
l ib 

l i b .  
IIe I 

Ilia 
IIIb 
llIb 

cDCIa 
d~-Pyridine 
D20 
CDaNO2 
CDaCOOD 
CDCh, 
ds-Pyridine 
CDCI~ 
ds-P yridine 
CDCI~t 

d~-Pyridine 
CDCIa, 

ds-Pyridine 
CDCla, 

D20 
CDCI~ 
ds-Pyridine 

1,02 1,10 
0,99 1,20 
1,05 t,09 
1,03 1,03 
0,99 1,06 
1,05 1,08 
1,04 1,24 
1,02 1,12 
1,05 1,32 
1,25 

1,09 
1,09 
1,31 
1,15 
1,24 

1,18 
1,16 
1,15 

1,33 
1,47 
1,39 
1,32 
b 

1,31 
1,27 
1,34 
1,45 

2-CH2 
4,08e 4,30 e 
4,00 e 4,35 e 
4,02 e 4,15 e 

4,0 e 4,1 e 
4,12 

CH3--CO 
225 
2,15 
2,22 

1,80; 
1,94; 
1,93; 
1,71; 
1,90; 
1,90; 
2,07; 
1,87; 
3,48 

2,3i 
2,26 
2,45 

2,4 l, 
2,31 

CH2CO 
2,6a 
2,45 
2,79 

2,07; 2,41; 2,68 (lAB 16,2 HZ) 
2,21; 2,62; 2,88 (IAB 15,9 HZ) 
2,20; 2,44; 2,73 (IAB 16,8Hz~ 
1,97; 2,24; 2,52 (IAB 16,2 HZ~ 
2,20; 2,44; 2,74 (/AB 15,8 HZ) 
2,17; 2,48; 2,77 (IAB 16,8 HZ) 
2,34; 2,67; 2,95 (IXB 16,5 HZ) 
2,13; 2,32; 2,60 (IAB 16,2 HZ) 

a6OH 4 .60 -4 .85 ;  6NH 7.55 ppm.  b s i g n a l  not  de t ec t ed .  C 6 N - C t t  3 

2.76 ppm.  d5OH 4.87 ppm.  e c e n t e r  of a double t ,  f 6 N -  CH3 
2.92 ppm.  

TABLE 3. P e r c e n t  of I - I I I  P r e s e n t  A s  a 
Solut ion of H y d r o x y p y r r o l i d o n e s  I a - c  

Compound 

la 

la 

la 

Ic 

Ib 

Ib 

F u n c t i o n  of T i m e  in 

Solvent 

CDCI3 

CsDsN 

D~O 

CDCls 

CDCI3 

CsDsN 

v , h  - 
. I 

0~27 
0,52' 
1,75 
3,5 

72 
1,3 

22,3 
44 

146 
0,3 
2,0 
8 

31 
48 

108 
240 
36O 

0,3 
1,6 
3,5 

30,5 
264  
360 

0,6 
33 

144 
264 
658 

Amount in the mixture, % 

I 1I 

95 
86,5 13,5 
76,5 23,5 
75 25 
75 25 
98 2 
90 l0 
74 26 
74 26 

100 
100 
97 
96 
96 
65 35 
51 49 
51 49 
71 29 
68 32 ' 
67 33 
51 39 
46 39 
46 39 
94 6 
91 6 
88 6 
8 4  6 
84 6 

5 

Traces 
3 
4 
4 

10 
15 
15 
0 
3 
6 

10 
l0 

l e v u l i n i c  a c i d  (IIIb) - in a n h y d r o u s  so lven t s . *  The e s t a b l i s h m e n t  of  the  p r o t o t r o p i c  r i n g - c h a i n  t a u t o m e r i c  
e q u i l i b r i u m  p r o c e e d s  m o r e  s l owly  than  the  d e h y d r a t i o n  r e a c t i o n .  S igna l s ,  the  c h e m i c a l  sh i f t s  and  i n t e n s i t y  
r a t i o  of which  c o r r e s p o n d  to  l i n e a r  f o r m  IIIb (Table  2), a p p e a r  a f t e r  30 o r  m o r e  h o u r s  in the  P M R  s p e c t r a  
o f h y d r o x y p y r r o t i d o n e  Ib r e c o r d e d  in CDC13 and d s - p y r i d i n e .  The  p e r c e n t a g e  of IIIb in the  e q u i l i b r i u m  
m i x t u r e  r e a c h e s  10% in d s - p y r i d i n e  (the t a u t o m e r i c  e q u i l i b r i u m  c o n s t a n t  K T =  [ I I Ib] / [ Ib ]  =0.119) and 15% 
in CDC13 (KT=0 .326) .  The  p e r c e n t a g e  of a e y e l i c  f o r m  IIIa  in a so lu t ion  of h y d r o x y p y r r o l i d o n e  Ia  in D20 
is  4%, but  the  e s t a b l i s h m e n t  of t a u t o m e r i c  e q u i l i b r i u m  p r o c e e d s  much m o r e  r a p i d l y  (Table  3). L i n e a r  
t a u t o m e r  IIIb i s  s t a b l e ,  and  the  p e r c e n t a g e  of it  does  not  change  a f t e r  r e m o v a l  of the  so lven t  (CDC13) and 
r e d i s s o l v i n g ;  i . e . ,  i t  i s  not  c o n v e r t e d  to  the  c y c l i c  t a u t o m e r  ( see  [6], f o r  e x a m p l e ) .  Thus  the  r i n g - c h a i n  
t a u t o m e r i c  e q u i l i b r i u m  in so lu t i ons  of  2 - h y d r o x y - 5 - p y r r o l i d o n e s ,  which  a r e  c y c l i c  t a n t o m e r s  of the  a m i d e s  

*The p r e s e n c e  of g e m i n a l  me thy l  g r o u p s  a d j a c e n t  to  the  c a r b o n y l  g roup  in t he  i n v e s t i g a t e d  compounds  
should ,  on the  one hand,  h i n d e r  c y e l i z a t i o n o f  a c y c l i c  t a u t o m e r  III, but ,  on the  o t h e r  hand,  owing to the  " g e m -  
d i m e t h y l  e f fec t"  [5], i t  shou ld  i n c r e a s e  the  t e n d e n c y  f o r  the  f o r m a t i o n  of c y c l i c  f o r m  L 
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of 7 -ke to  acids,  is e s tab l i shed  slowly, in cont ras t  to t he  T-ke to  acids themse lves ,  in solutions of which the 
cor responding  equi l ibr ium is e s tab l i shed  e x t r e m e l y  rapidly  [7]. 

The posi t ion of the r i n g - c h a i n  equi l ibr ium in anhydrous solutions differs  as a function of the s t r u c -  
t u r e s  of the subst i tuted 2-hydroxy-5-pyrro l idone .s .  L inear  f o r m s  IIIa, c a r e  not fo rmed  in solutions of 
n i t rogen-unsubs t i tu ted  and N-methy l  der iva t ives  of the hydroxypyrro l idones  (Ia,c) in ch loroform and p y r i -  
dine, while solutions of the N-phenyl der ivat ive of hydroxypyrrol idone  (Ib) in the same solvents contain 
10-15% of l inea r  fo rm IIIb in addition to cycl ic  fo rms  Ib and IIb. The appearance  of this l inear  fo rm in so lu-  
t ions of N-phenyl  der ivat ive  (Ib) is a ssoc ia ted  with the dec rease  in the res i s t ance  of cyclic  fo rm Ib to r ing 
opening (as compared  with fo rms  Ia,c) because  of a dec rease  in the nucleophil ici ty of the ni t rogen a tom (on 
pass ing  f rom R =H to R = C6H5). 

EXPERIMENTAL 

The IR spectra were recorded with a UR-10 speetrophotometer. The PMR spectra were recorded 
with a Hitaehi-Perkin Elmer R-20A spectrometer; the accuracy of the shifts was :~ 0.005 ppm (c 0.4 mole/ 
liter). The internal standards were hexamethyldisiloxane and 2,2-dimethyl-4-silapentane-l-sulfonate 
sodium salt (for solutions in D20 ). The percentages of I-III in the solutions were determined from the ratio 
of the integral intensities of the signals of the 2-CH3, 4-CH2, and 3-C(CH3) 2 groups of form I to the cor- 
responding signals of forms II and Ill (the mean square error was ~ 3.5%). 

2,3,3-Trimethyl-2-hydroxy-5-pyrrolidone (la). This compound was obtained by the method in [i]. 

2,3,3-Trimethyl-l-phenyl-2-hydroxy-5-pyrrolidone (Ib). A mixture of 3.55 g (22.6 mmole) of 7- 
chloro-13,~,'/-trimethylbutyrolactone [i] and 4.2 g (45 mmole) of aniline in 14 ml of toluene was heated 
at 95-100 ~ for 20 h, after which it was cooled, and the precipitate was removed by filtration and washed with 
toluene. The filtrate was washed successively with 1 N HCI, 5% sodium carbonate solution, and water. The 
solvent was removed, and the residue was recrystallized from hexane to give 4.67 g (97%) of a product 

with mp 84-84.5 ~ Found: C 71.4; 71.3; H 7.6; 7.3; N 6.8; 6.8%. CI3HITNO2 . Calculated: C 71.2; H 7.8; 
N 6.4%. 

1 ,2 ,3 ,3 -Te t r ame thy l -2 -hyd roxy -5 -py r ro l i done  (Ic). A mixture  of 1.58 g (0.01 mole) of methyl 3 ,3-  
dimethyllevulinate,  10 ml of 25% methylamine solution, and 4 ml of methanol was heated in a glass  ampul 
at 140-170 ~  3 h. The mixture  was evapora ted ,  and the res idue was vacuum dr ied to give 0.46 g (30%) 
of oily Ic. Found: C 61.7; 61.5; H 8.8; 8.8; N 8.9; 9.1%. CsH15NO 2. Calculated: C 61.1; H 9.6; N 8.9%. 

2 , 3 , 3 - T r i m e t h y l - 4 - c a r b a m i d o - 2 - h y d r o x y - 5 - p y r r o t i d o n e  (Id). A solution of 49 g (0.2 mole) of ethyl 
3 ,3 -d imethy l -2 -ca rbe thoxylevu l ina te  [8] in 200 ml of anhydrous ethanol sa tu ra ted  with ammonia  was heated 
at 90-100 ~ in a bomb for  36 h. The solvent was r emoved  by disti l lation, and the res idue was washed with 
e the r  to give 20.8 g (56%) of a product  with mp 152-152.5 ~ (from benzene-e thano l ) .  Found: C 51.2;51.5; 
H 7.5; 7.8; N 15.3; 15.0%. CsHI4N203. Calculated: C51.6 ;H 7.6; N 15.0%. 
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