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It is shown in the case  of the reac t ion  of N - m e t h y l b u t y r o - ,  N - m e t h y l v a l e r o - ,  and N - m e t h -  
y l c a p r o l a c t a m  die thylaceta ls  with benzyl  cyanide that  the f t v e - m e m b e r e d  aceta l  is the most  
r e ac t i ve  in the r eac t ion  with compounds having an ac t ive  methylene link. 1 -Methy l -3 - (w-  
pheny l -w-benzoxymethy lene ) -2 -py r ro l tdone  is p r i m a r i l y  fo rmed  in the r eac t ion  of N - m e t h y l -  
2 -pyr ro l tdone  diethylacetal  with C6HsCOC1. The r eac t i on  of N - m e t h y l c a p r o l a c t a m  dtethyl-  
acetal  with ac ry lon t t r i l e  gives a mixture  of N - m e t h y l c a p r o l a c t a m ,  1 - m e t h y l - 2 - e t h o x y - 3 -  
( f l -cyanoe thy l ) -4 ,5 ,6 ,7 - te t rahydreazep ine ,  and 2 - m e t h y l - l , 9 - d e h y d r o - 9 - c y a n o - 2 - a z a b i c y c l o -  
[5.2.0]nonane. 

The a i m  of the p r e s en t  r e s e a r c h  was to s tudy the reac t ions  of N - m e t h y l - 2 - p y r r o l i d o n e  diethylacetal  
(Ia) with some  nucleophilic and e lec t rophi l ic  r eagen t s  and to compa re  the data obtained with the r e su l t s  of 
analogous r eac t ions  of N - m e t h y l v a l e r o -  (Ib) and N - m e t h y l c a p r o l a c t a m s  (Ic). In 1961, Meerwein and co-  
w o r k e r s  [2] p roposed ,  on the bas i s  of m e a s u r e m e n t s  of the e l ec t r i ca l  conductivt t ies  of solutions of aceta l  
Ia,  that it d i s soc ia tes  with spl i t t ing out of an ethoxtde anion and the fo rmat ion  of amb[dent cation Ha. The 
abi l i ty  of l a c t a m  ace ta l s  I a - c  to act  as alkylat ing agents  may be a d i rec t  consequence of this so r t  of d i s -  
sociat ion.  In fact ,  ethyl benzoate  is f o rm ed  in p r ac t i c a l l y  quanti tat ive yie ld  [according to g a s - l i q u i d  ch ro -  
matography  (GLC)] when a solution of aceta l  Ia  and benzoic  acid tn c h l o r o f o r m  is ref luxed,  while e thyl -  
malonic e s t e r  and N - m e t h y l - 2 - p y r r o l i d o a e  (IV) in a r a t io  of 1 : 1 were  detected in addition to the condensa-  
t ion product  - 1 -me thy l -2 - (2 -d i ca rbe thoxymethy lene )pyr ro l id ine  ( I l I ) -  by GLC in the reac t ion  of aceta l  Ia 
wi th  malontc e s t e r .  It should be noted that this r a t io  of the amounts  of l a c t a m  IV and ethylation product  
fo rmed  in the r eac t i on  indicates indi rect ly  that the r a t e  of s imul taneous  ethylation and condensat ion is ap-  
pa ren t ly  higher in this case  than in the case  of ace ta l s  Ib, c,  for which p redominance  of the amount of the 
N - m e t h y l l a c t a m  over  the ethylat ion product  (due to decomposi t ion  of the ace ta ls  during the react ion)  has 
always been  obse rved  [3, 4]. As seen  f r o m  the fact  of the fo rmat ion  of III, ace ta l  Ia  r ead i ly  undergoes con-  

CH~ R' CH 3 Cit3 -OC?t  5 CH 3 

III~V~V! 1 a -C ,n= l -3  II a-C VII a-C 

II1 n = l ,  R=R'=COOC2115; V a-C n=1-13, R=C6Hs, P,'-CNt; Vl n=3,  R=COOC2H5, R '=CN 

densatton with compounds that  have an act ive methylene l ink, and quali tat ive observa t ions  have even shown 
that  the r a t e  of this  r eac t i on  depends subs tant ia l ly  on the s ize  of the l a c t a m  r ing.  Compet i t ive  reac t ion  of 
a mixtttve of ace ta l s  I a - c  with benzyl  cyanide and subsequent  analys is  of the reac t ion  mixture  by  GLC 

* For  Communicat ion  X see  [11. 
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showed that the target  enamines (Va-c) are  formed in a ra t io  of 15 :2  : 1, i.e., f i ve -membered  acetal  Ia is 
substantial ly more reac t ive  than its s ix-  (Ib) and s e v e n - m e m b e r e d  (Ic) analogs. It was found that, in addi- 

tion to the r ing size,  the cha rac te r  of the substituent in the compound with the active methylene link also 
has a substantial  effect on the condensation. Thus, enamine VI (GLC) is exclusively formed in the reac t ion  
of acetal Ie with a mixture of C6HsCH2CN and CNCH2COOC2H 5. The increased reac t iv i ty  of f ive -membered  
aeetal Ia indicates that conformational  changes play an important  role  in the ra te -de te rmin ing  step in this 
case,  and the p rocess  includes a change in the sp 8 hybridizat ion of the reac t ion  center  to sp 2. 

It should be noted that just as in the l ac tam acetal  se r i es ,  the grea tes t  reac t iv i ty  of pyrrol idone de- 
r ivat ives  in react ions  with compounds that have an active CH 2 group is also charac te r i s t i c  for the c o r r e -  
sponding lac t im ethers.  Thus, while O-methylbutyro lac t im undergoes reac t ion  with C6HsCH2CN re la t ively  
readi ly ,  O-methy lcapro lac t im and O-methy lva le ro lac t im cannot be made to undergo this react ion [5, 6]. 

As shown in [7], in addition to ambident cations of the I Ia-c  type, a -a lkoxyeneamines  VIIa-c also pa r -  
t icipate in the equil ibrium with aeetals In-c ,  and this c rea tes  the prerequis i tes  for car ry ing  out the r e a c -  
tions with electrophiles in the 3-posit ion of the l ac tam ring. Car ry ing  out the react ion of acetal Ia with ben- 
zoyl chloride showed that the react ion,  on the whole, proceeds via a previously  descr ibed scheme [7]. At 
the end of the react ion,  the mixture contained (GLC) l ac t am IV, ethyl benzoate,  1 -methyl -3- (w-phenyl -T-  
benzoxymethylene)-2-pyrrol idone (VIII), 1 -methyt -3-benzoylpyrro l idone  (IX), and ethyl N-methy l -N-ben-  
zoy l -T-aminobutyra te  (X) in a ra t io  of 3 : 7 : 12 : 1 : 2. Compounds IX and X could not be isolated f rom the 
reac t ion  mixture,* and they were  identical (GLC) to the compounds obtained by alternative synthesis .  Com- 
pound IX was obtained by hydrolysis  of VIII, while es te r  X was synthesized f rom N-methy l -T-aminobu ty r i c  
acid via a known method [9]. 

C6tt 5 

(C, H2)n-~C--OCOC6 H 5 ,-COCGH- 
%~/% . . . .  + c~,.cooco.~ 

1 1 COC6115 
CH 3 CH 3 

Vll l  IX X 

A compar ison  of the resu l t s  of benzoylation of acetal Ia with the resu l t s  obtained in the reac t ion  of 
acetals  lb, c with benzoyl chloride shows that an open es te r  of the X type is formed in significant amounts 
only in the case of s i x - m e m b e r e d  acetal lb. Inasmuch as the formation of this compound is apparent ly a s -  
sociated with at tack of benzoyl chloride at the N-a tom of the l ac tam acetals  [8], it can be assumed that con- 
formational  factors  are  the decisive factors  in this case. In the case of the s ix -membered  r ing,  approach 
of the C6H5CO group to the nitrogen atom is leas t  hindered,  while the b a r r i e r s  that a r i se  during s imi lar  r e -  
action of acetals Ia, c with C6HsCOC1 exert  considerable  hindrance to N-benzoylation. 

A recen t  communicat ion [10] indicated that the reac t ion  of acetals  Ia, b with CH 2 =CHCN gives, r e -  
spectively,  1 -methy l -3 -  ( f l -cyanoethyl)-2-pyrrol idone and 1-methyl -3 ,3-b is  (f l-cyanoethyl)-2-piperidone.  
Reaction of acetal  Ie with acry loni t r  ile gives a mixture of N-methy lcapro lac tam (XI),~ 1- methyl -2-e thoxy-  
3- f l -cyanoethyl -2 ,3 ,4 ,5- te t rahydroazepine  (XII), and 2 -methy l -  1 ,9 -dehydro-9-cyano-2-azab icyc lo  [5.2.0]- 
nonane (XIII) in a ra t io  (GLC) of 1 : 5 : 4  (Trel values of 1, 5.6, and 6.9, respectively}. The IR spec t rum of 

(CH ) /CH~CH~CN C H 2 ) 3 ~ .  ~ 
~.2~ 3 ~, .O + + Xl l c ~  i ( C H~ L".N/L-7----~ CN 

CH3 CH a 

XII Xlll 

two-r ing  compound XIII contains absorption bands charac te r i s t i c  for enaminonitr i les  at 2180 ( C -  N group) 
and 1640 cm -1. A maximum at 277 nm (log c 4.19), which is also charac te r i s t i c  for the - N - C  = C - C N  

* The mixture of IX and X was subjected to mass spec t rome t r i c  analysis ,  and it was shown that it contains 
two compounds with mass numbers  of 203 and 249, respect ively .  In addition, it was observed that a small  
admixture of a substance with molecular  weight 231, to which the 1 -methy l -2 -e thoxy-3-benzoy l -2 -pyr ro l ine  
s t ruc ture  can be ass igned in analogy with [8], is present  in this mixture. 
tSpecia l  experiments  by means of GLC showed that under the reac t ion  conditions, acetal  Ic is par t ia l ly  con- 
verted to l ac tam XI and diethyl ether ,  i.e., ambident cation IIc is an alkylating agent with respec t  to the 
ethoxide anion. 
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fragment ,  is observed in the UV spect rum.  The s t ruc ture  of XIII was established by mea.qs of mass spec-  
t r ome t r i c  analysis.  The molecular  weight (162) and the cha rac te r  of the spec t rome t r i c  fragmentat ion c o r -  
respond to the proposed two-r ing  s t ruc ture  - VII. The principal  pathways of the fragmentat ion are  p r e -  
sented in the scheme below: 

c,~=m=c.~ - -  xm -6-" c. 2 )_~__~ ' " ~ I 
,.uoLt~ + ~N (+ 

Y CHa . \ -  fill3 " 

" - t  

ella c t l~= N C N 

161 CH a CH 3 

1,17 I31 

The remaining ions observed  in the spec t rum (119, 110, 108, 107, 93, 82, 68, and 55) are  explained by sub- 
sequent disintegrat ion of the f ragments  depicted in the scheme and also by other possible pathways for the 
disintegrat ion of the molecular  ion. The formation of two-r ing  compound XIII could be the resu l t  of sub- 
sequent cycl izat ion of enamine XII. However,  an increase  in the t ime that the reagents  are  heated in ben-  
zene does not lead to any appreciable  change in the ra t io  of XII and XKI. It can therefore  be assumed that 
these compounds are  fo rmed via independent schemes ,  for example, as follows: 

IC 
CH2~CHCN 

/ 
L CH 3 "J " ~ " ~  Xlll  

XIV 

In other words ,  stabil ization of intermediate  dipolar ion XIV may proceed  via two paths:  by prototropic  
t ransi t ion (H s - ~ H )  or  by cycl izat ion with subsequent splitting out of an alcohol molecule. 

However,  the possibi l i ty  of the convers ion of XII to XIH was shown by heating XII at a higher t e m p e r -  
ature (in diethylene glycol). In this case ,  cycl izat ion of enamtne XII to two-r ing  compound XIII is observed 
(according to GLC). 

EXPERIMENTAL 

The IR spectra of mineral oil pastes of the compounds were recorded with a UR-10 spectrometer. 
The UV spectra of alcohol solutions (~ 104 M) of the compounds were recorded with an EPS-3 spectrophoto- 
tometer. Gas-liquid chromatographic analysis (GLC) was curried out with an IGC-810 chromatograph with 
a flame-ionization detector and a 60 by 0.3 cm chromatographic column; the stat[onury phase was 1% SE-30 
and 1% OV-17 on Chromosorb W. The currier gas (helium) flow rate was 60 nfl/min. The components of 
the mixtures were separated with temperature programming: Tin 75 ~ (2 min) and Tfin 200 ~ The heating 
rate was 6 deg/min. Quantitative calculations were made from the data obtained with a Chromalog-2 elec- 
tronic integrator. The mass spectra were recorded with an MI~-1303 spectrometer equipped with a device 
for direct introduction of the samples into the source at an ionizing volatage of 50 eV. 

Reaction of Aeetal Ic with Malonic Ester. A mixture of 3.46 g (0.02 mole) of acetal la and 3.2 g (0.02 
mole) of malonic ester was held at i00 ~ for 3 h. Analysis of the mixture by GLC showed that it contained 

12.5% lactam IV (Tre I i), 12.4% ethylmalonie ester (Trel 1.8), and 68.6% Ill (~'rel 14.3). Distillation of the 
reaction mixture gave III with bp 156-157 ~ (3 mm) and n~ 1.5181. UV spectrum: X max 289 Clog ~ 4.23). 
IR spectrum: 1580 (C =C), 1695 (ester C =O) cm -i. Found: C 59.9; H 8.1%. CI2H20NO 4. Calculated: C 59.5; 
H 8.3~c. 

N-Methyl-2-(2-phenyl-2-cyanomethylene)pyrrolidone (Va). A mixture of 3.8 g (0.022 mole) of acetal 
Ia and 2.6 g (0.022 mole) of benzyl cyanide was heated for 6 h (the bath temperature was i15-120~ after 
which the alcohol was evaporated, and the residue was distilled to give Va with bp 206-207 ~ (4 mm) and n~ 
1.6206 in 69% yield. UV spectrum: Xmax 299 nm (log a 4.19). IR spectrum: 1585 (C=C), 2170 (C~N) 
crn -I. Found: C 78.6; H 7.1; N 14.1%. CIsI-II~N 2. Calculated: C 78.8; H 7.2; N 14.1%. 
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Competi t ive Reaction of Acetal  Ic with Benzyl Cyanide and Cyanoacetic Ester .  Acetal Ic (0.004 mole) 
was added to a mixture of benzyl cyanide and cyanoacet ic  es te r  (0.02 mole of each), and the mixture was 
s t i r r ed  at 20 ~ for 1 h. Analysis by GLC showed the quantitative formation of VI. 

Competitive Reaction of a Mixture of Acetals I a -c  with Benzyl Cyanide. Benzyl cyanide (0.002 mole) 
was added to a mixture of acetals  Ia -c  (0.02 mole of each), and the mixture was s t i r r ed  at 90-96 ~ for 2 h, 
after  which it was analyzed by GLC. The rat io of Va to Vb to Vc was 15 : 2 : 1. 

1-Methyl -3-{w-phenyl-w-benzoxymethylene)-2-pyrro l idone  (VIII). Tr ie thylamine (6.5 g ) w a s  added to 
7.5 g (0.43 mole) of acetal  Ic in 20 mI of dry ch loroform,  after which the mixture was cooled and maintained 
at 25-30 ~ while a solution of 4.7 ml (0.43 mole) of benzoyl chloride in 10 ml of dry  ch loroform was added 
dropwise. The mixture was s t i r r ed  at r o o m  tempera tu re  for 1 h, after  which water  was added, and the 
chloroform,  and the combined extracts  were dried with anhydrous Na2SO 4. The solution was fi l tered,  the 
ch loroform was removed  by distillation, and the res idue  was distilled to give a fract ion with a boiling point 
no higher than 100 ~ (12 mm). The res idue  was dissolved in alcohol, and the solution was t reated in the cold 
with activated charcoal .  The solution was then f i l tered and evaporated.  The residual  oil was t r i tura ted  
with pe t ro leum ether ,  and the mixture was f i l tered to give 3.8 g (29%) of VIII with mp 110-112 ~ A sample 
for analysis was c rys ta l l i zed  f rom 50% ethanol to give a product with mp 127-127.5 ~ IR spect rum:  1635 
(C =C), 1670 (lactam C =O), and 1725 (ester C =O) cm -1. Found: C 74.4; H 5.6%. C19H17NO3. Calculated: 
C 74.3; H 5.5%. 

1 -Methy l -3 -benzoy l -2 -pyr ro l idone  (IX). A 2.0-g sample of l ac t am VIII was added to a solution of 
2.0 g of KOH in a mixture of 5 ml of water  and 30 ml of methanol, and the solution was refluxed for 5 min, 
after  which it was acidified to pH 6 with 15% HC1, and the alcohol was removed  by distillation. Water was 
added to the res idue ,  and the reac t ion  product  was ext rac ted  with chloroform.  The extract  was dried with 
Na2SO 4 and fi l tered,  and the ch loroform was removed  f rom the fi l trate by distillation. The res idue was 
fractionated at 164-165 ~ (5 mm). The yield of IX was 1.2 g (90%). IR spec t rum:  1675 (lactam C =O), 1695 
(ketone C =O) em -1. UV spec t rum:  Xma x 282, 247 nm (log ~ 3.26, 4.11). Found: C 71.0; H 6.6; N 6.6%. 
C12H13NO 2. Calculated: C 71.0; H 6.4; N 6.7%. 

Reaction of N-Methylcapro lac tam Diethylacetal (III) with Acryloni t r i le  (IV). A mixture of 10.8 g 
(53.9 mmole) of acetal IIc and 2.86 g (53.9 mmole) of acryloni t r i le  in 40 ml of dry  benzene was re f luxedfor  
20 h, after  which the benzene was r emoved  by distillation, and the res idue  was fract ionated to give i g of 
l ac tam XI with bp 70-72 ~ (l mm) and n}~ 1.4825, and2.9 g of enamiue XII with bp 129-130 ~ (1 mm) and n}~ 
1.4912. UV spec t rum:  Xmax 236 nm (log ~ 3.69). l:R spec t rum:  1660 (C=C), 2230 (C--N) cm -1. Found: 
C 69.3; H 9.5; N 13.6%. C12H20N20. Calculated: C 69.2; H 9.6; N 13.5%. Two-r ing compound XIII (2.4 g) 
with bp 142-144 ~ (1 mm) and n ~  1.5432, was also obtained. Found: C 73.9; H 8.8; N 16.8%. C10H14N 2. 
Calculated: C 74.1; H 8.6; N 17.3%. 
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