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The acylat ion of the diethyl ace ta l  of N-methy lp ipe r id in -2 -one  with benzoyl  chloride has 
been studied. It  g ives  a mix tu re  of 1-methylpiper id in=2-one ,  ethyl benzoate,  3 -benzoy l -1 -  
methylp iper id in-2-one ,  3 - (benzoy loxypheny lmethy lene) - l -me thy lp ipe r id in -2 -one ,  3-ben-  
z o y l - 2 - e t h o x y - l - m e t h y I - 1 , 4 , 5 , 6 - t e t r a h y d r o p y r i d i n e ,  and ethyl N - b e n z o y l - N - m e t h y l - 5 -  
aminova le ra te .  

In an investigation of the p rope r t i e s  of the diethyl ace ta l  of N-methy lp ipe r id in -2 -one  (I) it was shown 
that  it r ead i ly  r e ac t s  with compounds having act ive  methylene groups  and m a y  act  as an alkylating agent  in 
C-  and O-alkylat ion reac t ions .  This  pe rmi t s  the conclusion that  (I), like the diethyl aceta l  of N-me thy l -  
c a p r o l a c t a m  (II) [2] exis ts  in equi l ibr ium with the ambident  cation (HI), the p r e sence  of which explains the 
ease  with which the ace ta l  (D r e a c t s  with nucleophilic r eagen t s .  It is logical  to a s sume  that  in the equi- 
l ib r ium sys t em,  in addition to the aceta l  (I) and the cation (HI) the a - a l k o x y e n a m i n e  - 2 - e t h o x y - l - m e t h y l -  
1 ,4 ,5 ,6 - te t rahydropyr id ine  (IV) - mus t  also exist :  
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7 "~ I I 
CH a CH a CH s 
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In this case ,  because  of the conjugation of the unshared pa i r  of e lec t rons  of the ni t rogen a tom with the 
double bond and a m a rked  inc rease  in the e lec t ron  densi ty  in posi t ion 3 of the r ing,  the p re r equ i s i t e s  a r e  
c rea ted  for  r eac t ion  with e lec t rophi l ic  r eagen t s .  As a model  r eac t ion  in the p re sen t  invest igat ion we 
se lec ted  the acylat ion of (I) with benzoyl  chlor ide in the p re sence  of t r i e thy lamine .  On pe r fo rming  this r e -  
action in ch loroform,  a subs tance  was isolated f r o m  the reac t ion  mix tu re  the e l emen ta ry  ana lys i s  of which 
cor responded  to the product  of the reac t ion  of (I) with 2 moles  of benzoyl  chlor ide.  The IR s p e c t r u m  of 
this compound had absorp t ion  bands which can be a sc r ibed  to the v ibra t ions  of the carbonyl  of an a roma t i c  
e s t e r  group at  1720 cm -1 (s), of a l ac tam carbonyl  at  1624 cm - !  (s), and of a C : C  bond at  1670 cm -1 (w). 
On the bas i s  of these  fac ts ,  the subs tance  obtained was a sc r ibed  the s t r u c t u r e  of 3-(benzoyloxyphenyl-  
me thy lene ) - l -me thy lp ipe r id in -2 -oneT  (V). The saponif icat ion of the e s t e r  group of the la t te r  under mild 

* F o r  communica t ion  V, see  [1]. 
T In this case ,  in con t ras t  to the s e v e n - m e m b e r e d  analog of compound (V) [3], of the two poss ib le  geome t r i c  
i s o m e r s  p rac t i ca l ly  only one is fo rmed.  The building of mo lecu la r  models  has shown that  the fo rmat ion  of 
the i s o m e r  with the t r ans  a r r a n g e m e n t  of the amide  group and of the benzoyloxy group is subs tant ia l ly  
m o r e  favorab le  s t e r i ca l ly .  T r a c e s  of the second i s o m e r  w e r e  detected by the GLC method in an inves t iga-  
t ion of the mothe r  solutions af ter  the separa t ion  of (V). 
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conditions yielded 3 - b e n z o y l - l - m e t h y l p i p e r i d i n - 2 - o n e  (VI), the s t r u c t u r e  of which was conf i rmed by its 
m a s s  spec t rum.  In the s p e c t r u m  of the l ac tam (VI) the re  a r e  s t rong peaks  of the molecu la r  ion ( m / e  217) 
and of two daughter  ions ( m / e  112 and 105). The p re sence  of me tas t ab le  peaks  showing the d i rec t  produc-  
t ion of these  f r agmen t s  f rom the molecu la r  ion and also the i r  subsequent  decomposi t ion pe rmi t s  the follow- 
ing s t r u c t u r e s  to be a sc r ibed  to them: 

&c~a ~ o  
I 

~/~ ,o~ ~/, ,,2 
Apar t  f r o m  these  ions and the ions obtained on the i r  decomposi ton with m / e  84, 77, and 55, the s p e c t r u m  
shows the p r e sen ce  of the f r agmen t s  M + - I ,  M + - P h ,  M + - C O ,  M+--OH, M+--H2 O, which a lso  conf i rms  the 
p roposed  s t ruc tu re .  

A detailed s tudy of the reac t ion  of (i) and C6HsCOC1 was p e r f o r m e d  with the aid of gas - l iqu id  c h r o m a -  
tography.  According to GLC, the reac t ion  mix tu re  contained benzoyl  chlor ide (Tre 1 0.42),* ethyl benzoate  
(Vre 1 0.68), 1 -me thy lp ipe r id in -2 -one  (VII) ( r re  1 1), the l ac tam (VI) ( r r e  1 6.22), and compound (V) (T t e l  9.63), 
and also two other  compounds (A, B) with r e l a t ive  re ten t ion  t imes  of 5.88 and 6.51 (the ra t io  of the sub-  
s tances  found in the mix tu re  was 1.94 : 1.3 : 2.04 : 1 : 4.2 : 1.28 : 4, r espec t ive ly ) .  By the r epea ted  f rac t iona-  
tion of the mix tu re  of compounds A, B, and (VI) [obtained f rom the mothe r  solutions a f t e r  the sepa ra t ion  
of the bis de r iva t ive  (V)] it was poss ib le  to isola te  in the individual s ta te  subs tance  B, with Tre 1 6.51. The 
IR s p e c t r u m  of this compound had absorpt ion  bands c h a r a c t e r i s t i c  for  e s t e r  and amide  carbonyls  at 1730 
and 1630 cm -1. These  fac ts ,  and also the r e su l t s  of e l e m e n t a r y  ana lys i s ,  pe rmi t t ed  this compound to be  
a sc r i bed  the s t r u c t u r e  of ethyl N - b e n z o y l - N - m e t h y l - 5 - a m i n o v a l e r a t e  (VIII). The proposed s t r u c t u r e  is 
also conf i rmed by the r e su l t s  of m a s s  spec t roscopy .  The s p e c t r u m  of (VIII) shows the peak of the molecu-  
lar  ion with a m a s s  number  m / e  263 and a number  of peaks  with m / e  values  of 248, 234 ,218 ,  190, 176, 
162 ,148 ,  134, 158, 105, and 77, obviously belonging to f r agmen t s  f o rmed  by the following succes s ive  de-  
composi t ions  of the molecule :  

158 

In addition, the spectrum shows the peak of the ion M§ obviously arising on the elimination of a 
hydrogen atom with the formation of the following stable ion: 

+ 
C~H~C--N=CH-- (CH2)3- -COOC#I_  

~ tl I 
O CH 3 

The ions with m / e  113 and 127 can be ass igned  to f r agmen t s  f o rmed  by the spli t t ing off of a C6H5CO group 
f r o m  the ions with m / e  218 and 234, r e spec t ive ly .  To p rove  the s t r u c t u r e  of the a m i d e - e s t e r  (VIII), it was 
also synthes ized  independently in the following way: 

'~'-O CH 3 CH3 

C6fl5CO C6H$CO 

CH 3 V I I I  

The product  obtained by this method proved  to be identical  with the compound (VIII) isolated f r o m  
the reac t ion  mix tu re  (GLC, IR and m a s s  spec t ra ) .  It  was imposs ib le  to isolate  compound A f r o m  the r e -  
act ion mix ture ,  this compound being fo rm ed  with a yield of ~ 6%. On the bas i s  of the molecu la r  weight 
known for  this subs tance  of 245, t  it appea red  poss ib le  to a s s u m e  for  it one of the th ree  s t r u c t u r e s  

* In all  c a se s ,  the re tent ion  t ime  ( r re  1) is g iven in re la t ion  to the re ten t ion  t ime  of 1 -me thy lp ipe r id in -  
2-one .  
t Es tab l i shed  by  a m a s s - s p e c t r a l  ana lys i s  of a mix tu re  of subs tance  A, the l ac tam (VI), and compound (V). 
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The last  two s t ruc tures  were proposed on the basis  of the assumption that the C2HsCZ liberated in the r e a c -  
tion can alkylate (VI) both at C 3 and at the oxygen of the benzoyl group. The t i t rat ion of a mixture of com- 
pound A, (VI), and (VIII) in acetic acid showed that this mixture contains one strong base. Starting f rom 
the fact  that under these conditions lactams and amides cannot t i t ra te  as strong bases,  with some cer ta inty  
compound A can be ascr ibed  the s t ruc ture  of 3 -benzoy l -2 -e thoxy- l -me thy l - l , 4 ,5 ,6 - t e t r ahydropyr id ine  (IX). 
Thus, the benzoylation of (D with benzoyl chloride can be represen ted  by the following scheme:  

O ,/OC2H + C6H~COCI 

" ~ / \ O C 2 H  5 

0 II ?COC~H~ 
~,/~COC(~H ~ --C(~Hs+ 

~0 "~.N / "OC2 H 5 CH 3 
I I I I 

CH~ CH 3 CH 3 CH 3 

v,, v, ,x v,i, v 

Compounds (V), (VI), (VII), and (IX)* and ethyl benzoate are  apparently formed by a mechanism anal-  
ogous to the react ion of (If) with C6IIsCOCI. So far  as concerns (VIII), it is most  likely that its formation 
is due to an attack by the benzoyl chloride on the nitrogen atom in (1). The hypothesis that we have put 
forward is in harmony with the resul ts  of a recent ly  published paper devoted to the react ion of the di- 
methyl acetal  of dimethylformamide (X) with alkylating and acylating agents [4] in which it was shown that 
an aeylating agent attacks the nitrogen atom of (X), as a r e su l t  of which the corresponding dimethylamides 
are  formed.  In view of this, it may be assumed that the formation of (VIII) takes place in accordance  with 
the following scheme:  

CH 3 CH 3 COC~H s C6H5--~] CH 3 

O 
VI I I  

EXPERIMENTAL 

The IR spectra of the substances were taken in the form of mulls with paraffin oil on a UR-10 spee- 
trophotometer. The UV spectra of ethanolie solutions of the substances (~10 -4 M) were taken on an EPS-3 
recording spectrephotometer (layer thickness i cm). The gas-chromatographic analysis was performed 
under the conditions described previously [i]. The mass spectra were obtained on an MKh-1303 mass 
spectrometer fitted with a direct inlet of the sample into the source (ionizing voltage 50 eV). 

3-(Benzoyloxyphenylmethylene)-l-methylpiperidin-2-one (V). To 4.85 g of (I} in 13 ml of dry chloro- 
form was added 2.63 g of triethylamine and then, with cooling, so that the temperature did not exceed 25- 
30~ a solution of 3.64 g of ben zoyl chloride in 9 ml of dry chloroform was added dropwise. The mixture 
was stirred at room temperature for 1 h, and then a 50% aqueous solution of K2CO 3 was added to pH ~ 8 
and the chloroform layer was separated off, after which the aqueous layer was extracted with chloroform. 
The combined extracts were dried with anhydrous Na2SO4, the solution was filtered, the chloroform was 
evaporated off, and from the residue a fraction was distilled with bp not above 100~ (12 ram), and the 
residue was treated with ether. After the mixture had been kept at 0~ for some time, 1.22 g of (V) with 

* In a study of the react ion of the acetal  (IT) and C6HsCOC1 it was impossible to detect the seven-membered  
analog of the enamine (IX), nor the analog of the amide (VIII) in the react ion mixture.  
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mp 120-i23~ was f i l te red  off. F o r  ana lys i s ,  the product  was c rys t a l l i zed  f r o m  15% of ethanol, mp 126- 
127~ Rma  x 236 nm (~ 2.4 �9 10-4). Found, %: C 74.5; H 5.9; N 4.3. C20HIsNO 3. Calculated,  %: C 74.8; 
H 5.9; N 4.4. 

Ethyl N - B e n z o y l - N - m e t h y l - 5 - a m i n o v a l e r a t e  (VIII).. a) The combined mothe r  solutions f r o m  s e v e r a l  
expe r imen t s  on the r eac t ion  of (I) with C~HsCOC1 [total amount  of (I) 28.6 g], a f t e r  the separa t ion  of the (VI), 
w e r e  evapora ted ,  and the r e s idue  was subjected to vacuum dist i l lat ion with the collect ion of a f rac t ion  boi l-  
ing at  167-186~ (1 mm) (10.1 g). The oil  so obtained was f rac t ionated  twice more ,  with the col lect ion of a 
product  boiling between 184 and 186~ (1 mm),  which consis ted  of (VIII). IR spec t rum:  VesterC O 1730 
cm-l ;  V a m i d e C O 1 6 3 0 c m - 1 .  Found,%:  C 68.7; H7.7;  N5 .9 .  C15H21NO 3. Calcu la ted ,%:  C 68.4; H7.98;  
N 5.32. 

b) A solution of 15 g of N-me thy lp ipe r id in -2 -one  in 50 ml  of conc. HCI was boiled for  2 h and evapo-  
ra ted  in vacuum to give the hydrochlor ide  of N - m e t h y l - 5 - a m i n o v a l e r i c  acid, mp 85-90~ At 0~ 9.1 g 
of benzoyl  chlor ide  was added over  2 h to a solution in alkal i  (8.12 g of NaOH in 29 ml  of water)  of 6.2 g of 
the hydrochlor ide  obtained, and then the mix ture  was s t i r r e d  at 20~ for  12 h, the cooled solution was made 
acid to Congo Red with 15% HC1, it was ex t rac ted  with ch loroform,  the ex t rac t  was dr ied with Na2SO4, and 
the ch lo ro fo rm was dis t i l led off. Without purif icat ion,  the product  obtained was dissolved in 13 ml  of e tha-  
nol, 0.6 ml  of conc. H2SO 4 was added, the mix tu re  was kept at 20~ for  90 h and was brought  to pH 9, the 
ethanol was dist i l led off, and the res idue  was ex t rac ted  with ch lo roform.  Af te r  the usual working up and 
vacuum dist i l lat ion,  a product  with bp 190-195~ (2-3 mm) was obtained which, according  to IR and m a s s  
s p e c t r a  and also to GLC, was identical  with compound (VIII) obtained by method (a). 

3 - B e n z o y l - l - m e t h y l p i p e r i d i n - 2 - o n e  (VI). To a solution of 3 g of KOH in 100 ml  of methanol  was 
added 5 g of the l ac t am (V), the solution was kept at 20~ for  20 h and was then acidif ied with alcoholic 
HC1, the KC1 fo rmed  was f i l t e red  off, the ethanol was dist i l led off, wa te r  was added and the product  was ex- 
t r a c t e d  with ch lo roform.  The ch lo ro fo rm ex t rac t  was dr ied  with Na2SO 4 and f i l tered,  the ch lo ro fo rm was 
evapora ted  off, and the res idue  was dis t i l led at  180-190~ (2-3 ram). The oil obtained was t r i t u ra t ed  with 
pe t ro leum ether  to give 2.8 g of (VI), mp 81-82~ ( l i tera ture:  [5]). 
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