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DehydratLon of 2 , 3 , 3 - t r i m e t h y l - 2 - h y d r o x y - 5 - p y r r o l i d o n e  and its 1-methyl  and 1-phenyl de-  
r i vat[ ve s gave 3,3 -di  methyl -  2- methyl erie- 5 -py r ro l  i done and its 1- methyl and 1-phenyl ana-  
logs.  The i r  a lcoholysis  and hydrat ion were  studied. 

2 -Methy lene -5 -pyr ro l idones  and 2 -hydroxy(a lkoxy) -5-pyr ro l idones  a re  of in te res t  as key compounds 
in the synthes is  of model and na tura l  c o f f i n s  [2-4]. In this connection, the development  of methods for the 
synthes is  of these  compounds and the invest igat ion of the i r  propertLes takes on g r ea t  s ignif icance.  3,3-DL- 
m e t h y l - 2 - m e t h y l e n e - 5 - p y r r o l [ d o n e  (Ia) and its 1-methyl  (Ib) and 1-phenyl (Ic) analogs were  obtained by de-  
hydrat ion of the cor responding  2 -hydroxy-5 -pyr ro l [dones  (IIIa-c),  which we prev ious ly  desc r ibed  in [1, 4]. 
Methylenepyrrol idones  Ia,  c were  isolated by vacuum subl imat ion of hydroxypyrro l [dones  Ilia,  c at 130- 
160~ while methylenepyrro l idone  Ib was isolated by vacuum dist i l lat ion of IIIb (or by keeping it in vacuo 
at 20~ 

Methylenepyrrol idones  I a - e  r e a c t  except ional ly  r ead i ly  with mois t  a i r  to give s ta r t ing  hydroxypyro l t -  
dones HIa-c .  Compounds Ia and Ic,  whLch we were  able to obtain without admix tu res  of s t a r t ing  Ilia and IIIe 
only in solutions (with rap id  dissolving of f r e sh ly  sub l imed  s amp le s  in anhydrous organic  solvents) ,  p roved  
to be pa r t i cu l a r ly  unstable.  The PMR s pec t r a  of these  compounds show the p r e sence  of s ignals  only of I 
(Table 2; see [4] for a descr ip t ion  of the i r  spec t ra) .  Compound Ib Ls somewhat  more  s table  than Ia  and Ic 
and was isola ted in the individual s ta te  (according to the PM:R spec t roscop ic  data and e l e m e n t a r y  analysis) .  
It should be emphas ized  that the s ignals  of t au tomer i c  2 , 3 , 3 - t r [ m e t h y l - 5 - o x o - l - p y r r o l i n e  in solutions of 
3 , 3 -d ime thy l -2 -m e t hy l ene -5 -py r ro l i done  (Ia) were  not detected in any of the solvents  used (even when so -  
lut ions of Ia in CDC13 and ni t robenzene were  allowed to stand for 1-1.5 months). Thus,  the [ m i n e - e n a m i n e  
t au tomer [e  equi l ibr ium in 3 ,3 -d imethy l -2 -methy lene-5-pyr ro l [done"  (Ia) is shif ted marked ly  to favor the 

l 
enamine f o r m  (evidently, as a consequence of the fo rmat ion  of the conjugated C ~ C - - , N - - C = O  sys tem) ,  

I I t I 

in con t ras t  to 1 -py r ro l i ne s ,  in which it is shif ted to favor  the im[ne f o r m  [5]. 

It is known that the products  of dehydrat ion of 2 -hydroxy-5 -py r ro l idone  der iva t ives  that have a double 
bond in the r ing  r ead i ly  add wate r  [6-8] but do not add methanol (even tn the p r e s e n c e  of acid ca ta lys t s  
[9-10]. 

* For  Communicat ion IX see [1]. 
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T A B L E  1. P a r a m e t e r s  of  the PMR Spec t r a  of 2 , 3 , 3 - T r i m e t h y l - 2 -  
a l k o x y - 5 - p y r r o l i d o n e  Der iva t ives  (Ha-g) 

C o m -  
pound 

R' Solvent 
Chemical. shifts, 6, ppm 

T 
3-(CH3)2C, 12"CHsC' 

s 1 s 
4-CHAHB, q <N 

Illa a 
Ilia ~ 
Ilia 
lllb 
IIIc 
llld b 
Illd b 
llle b 
llI.f b 
lllgC 

H 
CHa 
CHa 
CH3 
CHa 
CaH5 

CHs 
CH3 
CDa 
C2D5 
i-CaD7 
CH5 
CDs 
C~Ds 
i-CaD7 
CHs 

CDC13 
C~HsNO~ 
CDaOD 
C6HsNOa 
C6HsNO2 
C~HsNO2 
CDsOD 
C~DsOD 
i-CaDrOD 
CeHsN02 

1,02 
1,12 
1,02 
0,98 
0,95 
1,00 
1,01 
0,98 
1,00 
1,05 

1,07 
1,22 
1,07 
1,09 
1,04 
1,19 
1,19 
1,08 
1,10 
1,14 

1,27 
1,45 
1,28 
1,30 
1,29 
1,40 
1,33 
1,30 
1,31 
1,14 

1,72; 2,00; 2,33; 2,65 
1,87; 2,14; 2,47; 2,75 
1,72; 2,02; 2,40; 2,66 
1,80; 2,07; 2,43; 2,70 
1,95; 2,23; 2,59; 2,86 
1,96; 2,22; 2,45; 2,71 
1,83; 2,10; 2,30; 2,67 
1,77; 2,05; 2,25; 2,54 
1,84; 2,12; 2,36; 2,64 
2,02; 2,30; 2,55; 2,82 

16,8 
16,5 
16,8 
16,2 
15,6 
15,6 
16,5 
16,8 
16,8 
16,5 

a 5 0 C H 3 ,  s,  3.16 ppm  (CDC13); 3.33 ppm (ni t robenzene) ;  NH 7.8 ppm 
(CDC13). b N - C H 3 ,  s ,  2.30 ppm (ni t robenzene) ;  2.78 p p m  (CD3OD); 2.73 
ppm  (C2D5OD); 2.75 ppm (iso-C~D7OD); OCH3, s ,  3.10 ppm (ni t roben-  
zene) ,  eOCH3, s,  3.27 ppm (ni t robenzene) .  

We have shown that  2 - m e t h y l e n e - 5 - p y r r o l i d o n e s  I a - c ,  which conta in  an exocyc l i c  double bond, r e a d i l y  
undergo not only  hydra t ion  (to give h y d r o x y p y r r o l i d o n e s  I Ia -e )  but a l so  a l coho lys i s  [to give the c o r r e -  
sponding a lkoxy  de r iva t i ve s  (IIa-g)].  

The a l coho lys i s  of I a - g  p r o c e e d s  at r o o m  t e m p e r a t u r e  in an excess  of the c o r r e s p o n d i n g  alcohol  wi th -  
out the use of ac id  ca t a ly s t s .  

(:H CH CH~ Clt~ CH3 CH~ 

/ / - -  ~on "- HOH C[13\~. 
O CIi2~ -.N/ ~.() i|O...~ N / ,O  R 0 ""xNi 

I i 1 
1~' R' R" 

I I  a--g I a - e  III a - C  

I, I I Ia  W=H; b R'=CHa; c R'=C6Hs; II a R'=H, R=CH3; b R'=H, R=C2Ds; c R'=H, 
R=i-CsDz; d R'=CH3, R=CH3; e R'=CHs, R=C2Ds; f R'=CH3, R=i-CaDT; g R'=C6Hs, 
R=CH~ 

The s t r u c t u r e  of the 2 - a l k o x y p y r r o l i d o n e s  (II) obta ined  was  p r o v e d  in detai l  in the c a s e  of 2 , 3 , 3 - t r i -  
m e t h y l - 2 - m e t h o x y - 5 - p y r r o l i d o n e  (IIa). The PMR s p e c t r a  of  this compound  (Table 1) c o n f i r m s  its cyc l i c  
s t r u c t u r e  and (except for  the s ignal  of the C H 3 - O  group) co inc ides  with the s p e c t r a  of the p r e v i o u s l y  i nves -  
t iga ted  subs t i tu ted  2 - h y d r o x y - 5 - p y r r o l i d o n e s .  The c h a r a c t e r i s t i c  (for the cyc l i c  form)  s ignals  of nonequiv-  
a lent  gemina l  methyl  g roups  and nonequivalent  p ro tons  of  the methylene  g roup  in the 4 -pos i t ion  (AB s y s -  
tem) ,  as  well  as  a s ingle t  of  the 2 -CH 3 g roup  in the s t r o n g - f i e l d  r eg ion  (1.20-1.45 ppm),  a r e  o b s e r v e d  in 
the PMR s p e c t r a  of  this compound.  As c o m p a r e d  with the PM:R s p e c t r a  of  h y d r o x y p y r r o t i d o n e  IIIa [1, 4], 
the PMR s p e c t r a  of its methoxy  der iva t ive  (IIa) contains  a d iamagne t i c  shif t  of  the s ignal  of the p ro ton  a t -  
t ached  to the n i t r o g e n  ( f rom 8.04 ppm  to 8.53 p p m  in s a t u r a t e d  CD3OD solution) and a sma l l  p a r a m a g n e t t c  
shif t  of  the s ignals  of all of the r e m a i n i n g  p ro tons  (0.03-0.09 ppm in 0.4 M solu t ions  of  a lcohols ,  c h l o r o -  
f o r m ,  benzene ,  and n i t robenzene) .  A s ingle t  of a methoxy  group  at 3.16 and 3.33 ppm,  r e s p e c t i v e l y ,  is p r e s -  
ent in the s p e c t r a  of  m e t h o x y p y r r o l i d o n e  IIa in CDC13 and n i t robenzene  solutuins .  The mos t  in tense peaks  
in the  m a s s  s p e c t r u m o f I I a a r e t w o p e a k s  of  ions with m a s s e s  125 and 110, which  a r e  f o r m e d  as  a consequence  

of  s u c c e s s i v e  sp l i t t ing  out of  a methanol  molecu le  and a methyl  g roup  upon e l e c t r o n  impact .  A l o w - i n t e n -  
s i ty  (3.5%) m o l e c u l a r  ion peak  with m a s s  157 is o b s e r v e d  in the m a s s  s p e c t r u m  of IIa  r e c o r d e d  at an ion-  
[zing vol tage  of  12 eV. The  IR s p e c t r u m  of  a thin l a y e r  of  methoxy  der iva t ive  IIa contains  the abso rp t ion  o f  
an a s s o c i a t e d  NH g r o u p  at 3330 c m  -1 (in c h l o r o f o r m  so lu t ion  it is sh i f ted  to 3430 c m  -1) and the s t r o n g  a b -  
so rp t i on  of  a l a c t a m  ca rbony l  g roup  at 1700-1730 c m  -1 with a shou lde r  at  1670-1680 c m  -I .  

It should  be noted that  t h e r m o l y s i s  of  me thoxy  de r iva t ive  IIa (in n i t robenzene  or  in vacuo at 120-140 ~ 
leads  to s t a r t i n g  m e t hy l e ne py r ro l i done  Ia. 

The s t r u c t u r e s  of the o ther  a lkoxy de r iva t ives  ffIb-g) w e r e  e s t ab l i shed  on the bas i s  of  the ident ical  
c h a r a c t e r  of  the i r  PMR s p e c t r a  and the s p e c t r u m  of  IIa.  

The f o r m a t i o n  of  de r iva t ives  I I a -g  was  fol lowed q u a n t i t a t t v e l y b y m e a n s  of PMR s p e c t r o s c o p y .  It vcas 
found that  the r a t e  of e l ec t rophf l i c  addit ion of a lcohols  depends m a r k e d l y  on the subs t i tuen ts  a t t ached  to the 
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TABLE 2. P a r a m e t e r s  of the PlV[R Spectra of 3 ,3-Dimethyl -2-  
methylene-5-pyrrol idone and Its Derivatives (Ia-c) 

C o m -  
pound 

la 
la 
!a 
la 
la 
Ia 
Ia 
Ib 
Ic 
lc 
lc 
lc 
Ic 

~ Solvent 

H 
H 
H 
H 
H 
H 
H b CHa 
CGHs 
Cg-ts 
CsHs 
Coils 

i C3!a 

3-(Clio):, 
S g e 

CC14 1,25 
C6H6 0,96 
CDCIa 1,27 
CGHsNQ 1,20 
CsD~N i 1,09 
CDaCOOD , 1,27 
D:~O 1,24 
CDCIa !,27 
C6HsNO2 [ !,30 
CDCIa i 1,35 
C~H~N ; 1,15 
DMSO 1,30 
D_~O+CD~OD ~ 1,40 

Chemical shifts 6, ppm 

4 ('II:, HAa, Hna, 

4>25 
4,40 
4,25 
432 
4,32 
4,33 
438 

4,08 
4,12 
-I,07 
4,21 
4,31 

]:I.4H B, 

1,87 
1,50 
1,87 

2,50 3,97 
2. l l 3,97 
2.35 4,01 
2,3O 4,05 
2,27 4,00 
2,42 4,21 
2,29 4,24 
2,32 4,18s 
250 3,95 ! 
2,48 4.02 
2,4! 4,00 
2,43 3,90 
2.60 4,00 

Hz 

1,80 
1,80 
1,80 
1,80 

1,95 
1,80 
1,15 
1,80 
1,95 

aCenter  of a doublet, b6N_CH 3 2.95 ppm. 

nitrogen atom of the methylenepyrroltdone molecule (Ia-c) and decreases  in the order  CH 3 > H > C6H 5 (Ib > 
Ia > Ic) in conformity with the decrease  in this o rder  of the nucleophtlicity of the nitrogen a tom and the as -  
sociated magnitude of the negative charge on the carbon of the methylene group. Thus, at 20 ~ and in the 
presence  of excess  alcohol (at a I a -c  concentrat ion of 0.4 mole/ l i ter)  the addition of methanol to 1 ,3 ,3- t r i -  
methy l -2 -methy lene-5-pyr ro l idone  (Ib) proceeds ve ry  rapidly  (in 7 min). Methanol adds much more slowly 
to 3 ,3 -d tmethy l -2 -methy lene-5-pyr ro l tdone  (Ia) - t h e  p rocess  is complete in 22 days - w h e r e a s  methanol 
does not add to 3 ,3 -d ime thy l - l -pheny l -2 -me thy lene -5 -pyr ro l idone  (Ic) under these conditions (in the course  
of 30 days). Methanol (in an approximately threefold excess) adds much more rapidly  to methylenepyrrol i -  
done I a t n  nttrobenzene solution (see [11] for the accelera t ion of such react ions  by aromat ic  solvents),  and 
the react ion is 85% complete after  1.5 h and goes to completion after  ~ 24 h. In nttrobenzene solution, meth- 
anol adds to 3 ,3 -d ime thy l - l -pheny l -2 -methy lene -5 -pyr ro l tdone  (Ic). In the equil ibrium mixture (equilib- 
r i u m  is established after  7 mtn), the percentage of 2 ,3 ,3 - t r tme thy l - l -pheny l -2 -me thoxy-5 -pyr ro l idone  (IIg) 
is 53-55%. Ethanol and isopropyl alcohols add more slowly than methanol to 3 ,3-d lmethyl -2-methylene-  
5-pyrrol idone (Ia) in nitrobenzene solution - the equil ibrium mixtures contain 80 and 60% of alkoxy der iv-  
atives lib and IIc, respect ively .  The more highly reac t ive  1 ,3 ,3 - t r imethy l -2 -methy lene-5-pyr ro l idone  (Ib) 
adds ethanol and isopropyl alcohols quantitatively in 5-10 min to give He and Hf, respect ively .  

Water adds to methylenepyrrol idones Ia -c  more readi ly  than alcohols. The 2-hydroxy-5-pyr ro l tdone  
derivatives (IIIa-e) that we previously  descr ibed in [1, 4] are  formed as a resu l t  of hydration. The same 
effect of the substituting groups attached to the ni trogen of methylenepyrrol idones Ia -c  on the ra te  of addi- 
tion of water  as in the case  of the addition of alcohosl is observed.  Thus, in 0.4 M solutions of methylene 
pyrrol idines  Ia, b in D20 , hydration of 1 ,3 ,3 - t r imethy l -2-methy lene-5-pyr ro l id ine  ([b) is 100% complete 
after  20 min, while in the case of 3 ,3-d imethyl -2-methylene-5-pyr ro l idone  (Ia) the react ion is 80% com-  
plete after  20 mtn (it is 100% complete after  30 rain). In view of the fact that 3 ,3 -d ime thy l - l -pheny l -2 -  
methylene-5-pyrro l idone  (Ic) is insoluble in water ,  its hydrat ion was ca r r i ed  out in CDsOD-D20 (1 : 1). 
Equil ibrium was establ ished in 6 h after  dissolving in this mixture:  92% hydroxypyrrol idone IIIe and 8% 
methylenepyrrol  tdone Ic. 

Our data on the addition of alcohols and water  to Ia -c  are  in agreement  with the principles of e lec-  
trophil ic addition of alcohols and waters  to olefins, which occurs  under acid catalysis  conditions, obeys the 
Markownikoff ru le ,  and is acce lera ted  by e lec t ron-donor  substituents attached to the double bond [12-14]. 

EXPERIMENTAL 

The PMR spect ra  were r eco rded  with a H i t ach i -Pe rk in -E lmer  R-20A spec t romete r .  The solution 
concentrat ion was 0.4 mole / l i te r ,  and the internal s tandards were hexamethyldistloxane (HMDS) and sodium 
2 ,2-d imethyl -2-s i lapentane-5-su l fonate  (for aqueous solutions). The mass spec t ra  were r ecorded  with a 
JMS-01G2 spec t romete r  with "direct"  introduction of the sample into the ion source  at an ionizing voltage 
of 75 eV and a sample t empera tu re  of 50 ~ Peaks with intensities g rea te r  than 10% of the maximum are  
presented.  The numbers  in front of the parentheses  indicate the mass number,  while the numbers  in paren-  
theses indicate the re la t ive  intensity of the ion peak with r e spec t  to the maximum peak. 
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3 , 3 - D i m e t h y l - 2 - m e t h y l e n e - 5 - p y r r o l i d o n e  (In). A) A 2-g  (0.014 mole) s ample  of 2 , 3 , 3 - t r ime thy l -2 -  
hyd roxy -5 -py r ro l i done  (IIIa) was vacuum subl imed at 160-165 ~ and 1-2 m m  for  6 min to give 1.75 g (87.5%) 
of white c r y s t a l s ,  which dissolved rap id ly  in an anhydrous organic  solvent  (benzene, ch lo roform,  etc.) in a 
d ry  ni t rogen a tmosphere .  According to the PMR s p e c t r a  the compound is pure  methylenepyrro l idone  Ia,  
which does not contain admix tures  of o ther  compounds (Table 2). 

The compound is "very r ead i ly  hydra ted  by mois t  a i r ,  and a mixture  of methylenepyrro l idone  Ia  and 
hydroxypyrro l idone  IIIa  (1 : 1 according to the PM:R s p e c t r u m  of a solution in chloroform)  is f o rmed  during 
e l e m e n t a r y  analys is .  Found: C 62.6; H 9.3; N 10.3%. CTHllNO-CTH13NO 2. Calculated:  C 62.7; H 9.1; 
N 10.4%. 

B) S imi lar  t r e a t m e n t  of 0.47 g (3 mmole)  of 2 , 3 , 3 - t r i m e t h y l - 2 - m e t h o x y - 5 - p y r r o l i d o n e  (IIa) gave 0.36 
g (96%) of white c ry s t a l s  of IIIa,  which was identical  to the compound desc r ibed  above,  according  to the 
PMIR spec t r a .  

3 , 3 - D i m e t h y l - l - p h e n y l - 2 - m e t h y l e n e - 5 - p y r r o l i d o n e  (ic). The p rocedure  used to obtain Ia was used to 
p r e p a r e  0.19 g (95%) of this compound by subl imat ion of 0.22 g (10 mmole)  of 2 , 3 , 3 - t r i m e t h y l - l - p h e n y l - 2 -  
hydroxy-5 -pyr ro l idone  ('iIIc). Found: C 75.3; H 7.4; N 6.7%. C13H15NO- 0.5CI3H17NO 2. Calculated:  C 75.5; 
H 7.6; N 6.8%. 

1 , 3 , 3 - T r i m e t h y l - 2 - m e t h y l e n e - 5 - p y r r o l i d o n e  (Ib). A 20-ml  sample  of liquid methylamine was added 
to a solution of 1.62 g (0.01 mole) of 4 - cb lo ro -3 ,3 ,4 - t r ime thy l -4 -bu t ano l ide  in 10 ml of ch lo roform,  and the 
mixture  was maintained in a bomb at 20 ~ for  4 days.  The solvent  was allowed to evapora te  f ree ly ,  and the 
methylamide hydrochlor ide  was s epa ra t ed  to give 1.54 g (98%) of oily 1 ,2 ,3 ,3 - t e t r ame thy l -2 -hyd roxy -5 -  
pyrro l idone  (IIIb),which, according to the PlVIR spec t r a ,  was identical to the sample  obtained by another  
method [1]. The iso la ted  hydroxypyrro l idone  (IIlb) was then maintained in a vacuum (8-10 mm) at 20 ~ for 
3 h to give a quanti tat ive yield of methylenepyrro l idone  lb. Found: 9.8%. CsH13NO. Calculated:  N 10.0%. 

The yield of methylenepyrro l idone  Ib with bp 75-79 ~ (0.03 mm) was 83% when 1 ,2 ,3 ,3 - t e t r amethy l -  
2 -hydroxy-5 -py r ro l idone  (IIlb) was vacuum disti l led.  

2 , 3 , 3 - T r i m e t h y l - 2 - m e t h o x y - 5 - p y r r o l i d o n e  (IIa). A 0.50-g (4 mmole)  s amp le  of 3 , 3 - d i m e t h y l - 2 - m e t h -  
y l ene -5 -py r ro l idone  (In) was dissolved in 50 ml of absolute methanol ,  and the mixture  was mainta ined at 
20 ~ for  30 days. The methanol was then r e m o v e d  by  vacuum dist i l lat ion at 30-40 ~ and a res idua l  p r e s s u r e  
of 15 mm,  and the r e s idue  was dr ied  thoroughly in vacuo (2 mm) at 20 ~ to give 0.63 g (100%) of an oily p rod-  
uct. Found: C 61.4; H9.0; N 8.9%; M (Mass spec t romet r i ca l ly ) :  157. CsI-]IsNO 2. Calculated: C 61.1; H9.6; N 
8.9%; M 157.2. Mass  spec t rum:  27 (25.3), 28 (11.9), 29 (15.5), 39 (54.7), 40 (18.8), 41 (97.3), 42 (44.0), 53 (12.1), 
55 (20.4), 56 (32.4), 57 (11.5), 67 (20.4), 82 (49.3), 83 (12.1), 110 (100), 125 (29.1). 
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