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The diethyl aceta l  of N-methy lp ipe r id in -2 -one  has been synthes ized  and its reac t ions  with 
compounds having act ive  CH 2 and CH 3 groups  have been studied. In the reac t ion  of diethyl 
ace ta l  of N-methy lp ipe r id in -2 -one  with malonic  e s t e r ,  in addition to the condensation p rod-  
uct, e thylmalonic e s t e r  is fo rmed .  The reac t ion  of the ace ta l  with benzoic acid leads to 
O-alkylat ion and the fo rmat ion  of ethyl benzoate.  

It has been  shown prev ious ly  that  the diethyl ace ta l  of N - m e t h y l c a p r o l a c t a m  read i ly  r e a c t s  with 
var ious  nucleophilic [1] and electrophi l ic  [2] r eagen t s ,  and is also capable  of acting as an alkylating agent 
in O- and C-a lkyla t ion  reac t ions  [3]. The p resen t  work  was devoted to a study of the synthes is  and s o m e  
chemica l  p rope r t i e s  of the diethyl aceta l  of N-methy lp ipe r id in -2 -one  (I). The synthesis  of the initial lac-  
t am - N-methy lp ipe r id in -2 -one  (H) - was effected by a method not p rev ious ly  descr ibed  for  this c o m -  
pound - by heating O-methy lva le ro lac t im  [4] in benzene in the p r e sence  of catalyt ic  amounts of d imethyl  
sulfate  by the method proposed  for  p repar ing  N-me thy l cap ro l ac t am [5]. The alkylat ion of (II) with dimethyl  
sulfate  and subsequent  t r e a t m e n t  of the resu l t ing  methosulfa te  complex with sodium ethoxode gave (I): 

1 "-N-" "OC.~ "-~"'~0 oc.~ c.~so: c~.0o. ..~/\oc~.~ 
ClJ3 L CH3 J CH3 
II I 

The reac t ion  of (I) with compounds having act ive  methylene or methyl  groups  yielded a number  of 
enamines  - 1 - m e t h y l - 2 -  (R,R ' -methylene)  piper idines  (IIIa-k): 

I I I a  R=H, 

/R' 

OC21| s .~ + -OC2H 5 \ ~  
,OC~H5 OC2H5 

CH~ (:H a CH 3 

I I a III a-k 

R'=NO2; b R=CN, R'=CONH2; c R=H, R'=C6HsCO; d R=H, R'= 
=p-NO2C6H4CO' e R=H R'=m-NO~C'6H4CO; f R=CN, R'=CONHCH~CH2N(C~Hs)2; 
g R~R =CN; ~ R=C'6H~, R'=CN; i R=H, R'=p-MeOC6H4CO; ] R=R'=COOC~Hs; 
k R=H, R'=CN. 

The read iness  with which (I) takes  pa r t  in nucleophilic substi tut ion reac t ions  pe rmi t s  the assumpt ion  
that,  as  for  the ace ta l  of N - m e t h y l c a p r o l a c t a m  [6], the equi l ibr ium fD ~- (Ia) a lso  exis ts  in this case .  The 

* Fo r  communicat ion  IV, see  [2]. 
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reac t ion  for  the p repara t ion  of the enamines  (IIIa-k) is apparent ly  s i m i l a r  to the condensation of ketones 
with compounds having act ive  methylene groups  in the p r e sence  of bases ,  the ro le  of the base  in this case  
being played by  the alkoxide anion p re sen t  together  with the cation (Ia) in equi l ibr ium with the ace ta l  (I). 
The enamines  (lIIa-k) absorb  s t rongly  in the u l t raviole t  region of the spec t rum,  the i r  long-wave absorpt ion 
m a x i m a  being somewhat  shifted in the di rect ion of s m a l l e r  wavelengths as compared  with the co r re spond-  
ing compounds of the hexahydroazepine s e r i e s  [1]. In the IR spec t r a  of the compounds obtained the re  a r e  
absorpt ion bands of the C=C bond in the 1570-cm -1 region,  and absorp t ion  bands of groupings (CO, C-= N. 
etc.) conjugated with the mult iple bond that a r e  shifted in the low-frequency direct ion.  In the spec t r a  of 
(IIIc-e,  i) there  a r e  no absorpt ion  bands of a nonconjugated carbonyl  (in the 1690-cm -1 region) ,  and a s e r i e s  

I 
of bands is found in the 1530-1605-cm -1 region which a r e  ass igned to the ~ N - - C = C H - - C O - - .  It mus t  be 

mentioned that  it has been shown prev ious ly  that  such a cons iderable  shift  in the absorpt ion  band of the 
carbonyl  in the low-frequency direct ion is due not only to conjugation but also the p r e sence  of a hydrogen 
bond between the C----G group and the enamine NH group: 

T N-7~" 

In the case  of compounds (Ilia-k) the appearance  of such a bond is imposs ib le ,  and the obse rved  shift  of the 
carbonyl  band is due to an exceptional  lowering of the mult ipl ic i ty  of the C = O  bond through conjugation: 

"~ .N / C II--C -- Ar ~ -- 

I I I 
C H  o C H  3 C H  3 

The exis tence of the equi l ibr ium (I) ~ (Ia) mus t  be e x p r e s s e d  not only in the capaci ty  of (I) for r e a c t -  
ing r ead i ly  with nucleophilic r eagen t s ,  but also in its capaci ty  for  acting as an alkylating agent.  In actual  
fact ,  when equimolecular  amounts  of (I) and benzoic acid were  boiled in benzene,  ethyl benzoate  was ob- 
tained in high yield.  In view of this ,  the reac t ion  of (I) with malonic  e s t e r  was studied in detail .  Af ter  
equimolecular  amounts of the r eac tan t s  had been heated in the absence  of a solvent  at 130~ the reac t ion  
mix tu re  was analyzed with the aid of a gas- l iqu id  chromatograph .  The analys is  showed that  among the r e -  
act ion products ,  in addition to the initial malonic  e s t e r  and (IIIj), t he re  we re  (II) and ethylmalonic es te r ,  
the ra t io  of these  products  being 4.16 : 12.3 : 2.9 : 1, and the i r  r e l a t ive  re tent ion  t ime  1, 14.6, 3.24, and 1.97, 
r e spec t ive ly .  Thus,  it has been shown that the reac t ion  of (I) with malonic e s t e r  takes place in two d i rec-  
t ions: with the fo rmat ion  of the enamine (IIIj) and by the C-a lkyla t ion  of the malonic  e s t e r  to ethylmalonic 
e s t e r :  

~ O  + C21"15--I:OC2Hs - -  

I COOC~Hs 
CH s 

CH2(COOC~Us)2 ~'~C~Hs CM2(COOC2"~)~ O~vCOOe2H s 
CH 8 CH~ ~ s 

I I l l  j 

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

The IR spec t r a  of the subs tances  w e r e  taken in paraff in  oil on a UR-10 spec t ropho tomete r .  The UV 
spec t r a  of alcoholic solutions of the subs tances  (~ 10 -6 M) were  taken on an EPS-3 record ing  spec t ropho-  
t o m e t e r  (layer th ickness  1 cm).  G a s - c h r o m a t o g r a p h i c  analys is  was p e r f o r m e d  as descr ibed  prev ious ly  
[2] but at Tinit  80~ (1 min), Tfina I 200~ (15 rain), r a t e  of heating 6~ per  min. 

1 -Methylp iper id in-2-one  (]I). To a solution of 11.3 g of O-methy lva le ro lac t im  in 25 ml  of benzene 
was added 5 ml  of dimethyl  sulfate,  and the mix tu re  was boiled for  6 h and cooled, 12 ml  of 50% potass ium 
carbonate  solution was added to pH "~ 8, the benzene layer  was sepa ra t ed  off, the aqueous l ayer  was ex-  
t r ac t ed  with ch loroform,  the combined organic  phases  we re  dr ied with anhydrous Na~SO 4 and f i l tered,  the 
solvent  was evapora ted  off in vacuum, and the res idue  was dist i l led to give (II) with a yield of 76%, bp 
95-98~ (12 mm),  n~ 1.4795 [8]. 

Diethyl Aceta l  of N-Methylp iper id in-2-one  (I}. A mix tu re  of 22.6 g of (H) and 25.2 g of dimethyl  sul-  
fate was heated at 80~ for  3 h and cooled, 15 ml of dry  e ther  was added, and the mix ture  was s t i r r ed .  
Then the e therea l  l ayer  was decanted off and the opera t ion was r epea t ed  twice, a f te r  whith the ether  r e s i -  
dues we re  evapora ted  in vacuum and the r e s idue  was added dropwise  to a solution of sodium ethoxide 
(from 5.5 g of Na and 100 ml  of absolute  ethanol) at  50-60~ the mix tu re  was kept for  3 h at  this  t e m p e r a -  
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t u re  and was f i l te red ,  the ethanol was dist i l led off in vacuum, 25 ml  of absolute  e ther  was added, the mix-  
tu re  was f i l tered,  the e ther  was evapora ted  off, and the r e s idue  was dist i l led to give (I), yield 55.6%, bp 
69-70~ (12 mm), n~ 1.4541. Found, %: C 64.4; H 11.4; N 7.6. CIoH21NO 2. Calculated, %: C 64.2; H 11.2; 
N 7.5. 

2 ,4-Dini t rophenylhydrazone  of N-Methy lp iper id in -2-one .  This was obtained by boiling equimolecu la r  
amounts  of the ace ta l  (I) and of 2 ,4-d in i t rophenylhydraz ine  in ethanol for  1 h. Mp 183.5-184~ (ethyl ace -  
ta te ,  1 :30) .  Found, %: C 49.0; H 4.9, N 23.9. C12H15N504. Calculated,  %: C 49.2; H 5.1; N 23.9. 

1 -Methy l -2 - (n i t romethy lene)p iper id ine  (IIIa). To 3.5 g of (I) was added 1.14 g of n i t romethane  (exo- 
t h e r m i c  react ion) ,  the mix tu re  was kept for  30 min a t  20~ and was then cooled and the (IIIa) was f i l te red  
off. The o ther  compounds (HI) we re  obtained s i m i l a r l y  (Table 1). 

1. 
2. 

3, 

4. 

5. 

6. 

7. 

8. 
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