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The alkylat ion of O-  and N-me thy l  de r iva t ives  of bu ty ro lac tam,  va l e ro l ac t am,  and c a p r o l a e t a m  
with dimethyl  sulfate has been p e r f o r m e d  and the synthes is  of the cor responding  lae tam ace ta l s  
has been effected.  It has been shown that  the ra te  of alkylat ion depends fundamental ly on the 
size of the r ing of the init ial  compound.  

I t  has been es tab l i shed  prev ious ly  that  l ac tam ace ta ls  (I) can be obtained by the alkylat ion of l ac t ams  
(HI) with dimethyl  sulfate followed by t r e a t m e n t  of the methosul fa te  complexes  (HI) with a sodium alkoxide 
[1-3], 

~ N/~O "..N ,./.4-',, O C Ha ~-[~/~OC2H S 
�9 CH 3 CH 3 

I I  i l i  I 

3. n=l; b a=2; C n=3 

Of the methods for  obtaining N - m e t h y l l a c t a m s  (II) descr ibed  in the l i t e ra tu re ,  the best ,  f rom a p r e -  
pa ra t ive  point of view, is that  of Benson and Cai rns  [4], which is based on the reac t ion  of lac t im e the r s  (IV) 
with dimethyl  sulfate,  as follows: 

F + 'i 
CH~ Clf z 

IV I11 II 

a n = l ;  b n = 2 ;  c n = 3  

As has been shown prev ious ly  [5],the r e a r r a n g e m e n t  of the e the r s  (IV) into the l ac t ams  (II) t akes  
p lace  in t e rmolecu la r ly  with the in te rmedia te  format ion  of the complexes  (III). Since the complexes  (III) 
a re  in t e rmed ia te s  both in the synthes is  of the ace ta ls  (I) f rom the N - m e t h y l l a c t a m s  (ii) and in the p r e p a r a -  
tion of the l a t t e r  f rom the e t he r s  (IV), it was natura l  to a s sume  that  the l ac tam ace ta l s  (I) could be syn-  
thes ized  d i rec t ly  f rom lac t im e the r s  without pass ing  through the stage of the format ion  of N - m e t h y l l a c t a m s .  
The diethyl ace ta l  of 3 -e thoxycarbonylp iper id in -2-one  (V) has been synthes ized p rev ious ly  [6] by the a lky la -  
t ion of a lac t im e the r  of (V) with t r ie thyloxonium te t r a f luo robora t e  and the t r e a t m e n t  of the resul t ing  c o m -  
plex with sodium methoxide.  

The synthes is  of ace ta ls  of the l a c t am s  (I) f rom the O-methy l  der iva t ives  of bu tyro lac tum (IVa), va l -  
e r o l a c t i m  (IVb) , and eap ro lac t im  (IVc) has been p e r f o r m e d  s i m i l a r l y  but with the use of dimethyl  sulfate .  

* Fo r  Communicat ion  VI, see [1]. 
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Thus, it may be assumed that the method of obtaining acetals  f rom lact im e thers  is a general  one and can 
be used successful ly for  the synthesis  of other  acetals  of lactams and amides.  

It is known [7] that the ra tes  of react ions (such as react ions involving the replacement  of a halogen 
atom) in the cycloalkane and cycloalkene se r ies ,  and also in the i r  he terocycl ic  analogs, are determined 
to a considerable extent by the size of the ring of these compounds, s imi lar i ty  being usually found in the 
behavior  of the five and seven-membered  compounds, which differ in the i r  react iv i ty  f rom the s i x - m e m -  
bered  r ings.  The qualitative laws deduced from a study of the reactions of lact im e thers  with dimethyl 
sulfate also show a difference in the behavior of the initial compounds as a function of the size of the ring. 
However, in this case the react ivi ty  apparently dec reases  monotonically with an increase  in the size of 
the ring. Thus, in the alkylation of O-methylbutyrolac t im the observed heat effect of the react ion is con-  
s iderably higher than in the case of O-methylvalerolac t im,  while to bring the react ion of O-methy lcap ro -  
lact im with (CH3)2SO4 to completion, the react ion mixture must  be held at an elevated tempera ture  (40~ 

To compare  the ra tes  of react ion of the lactim ethers  (IVa-c) with dimethyl sulfate we selected the 
method of the competing react ions of these compounds with a large excess  of alkylating agent. The com-  
plexes (ilia-c) formed by the selected method were separated and the residual  mixture of lactim e thers  
was analyzed by the GLC method. The g rea te r  the amount of lact im e ther  remaining in the mixture,  the 
lower was the rate of its reaction with dimethyl sulfate. According to the GLC analysis,  the (IVa) : (IVb) : 
(ivc) ratio in the mixture was 1 : 1.13 : 1.36. However, it appears  difficult to interpret  the results  obtained, 
since they do not give an unambiguous answer  to the question of what is the s t ructure  of the t ransi t ion state 
in the alkylation of the lactim e thers  and what are the differences in the energies  of the t ransi t ion states 
with various s izes of the r ings of the initial compounds (IVa-e). To answer  these questions, the c o m p a r a -  
tive react ivi t ies  of the N-methyl lac tams (Ha-c) in the i r  react ion with dimethyl sulfate were evaluated by 
a s imi la r  method. 

It is known [8] that the mos t  favorable conditions for the conjugation of the lone pai r  of e lect rons  of 
the nitrogen with a carbonyl  group are  real ized in the case of a s ix -membered  lactam (steric factors) .  
Consequently, in (lib) the part ia l  negative charge on the amide carbonyl  is the highest.  In view of this, 
it may be expected that if the formation of the t ransi t ion complex is achieved at an ear ly  stage of the p ro -  
cess ,  the react ion will take place at the position of the highest e lect ron density and, correspondingly,  N- 
methylpiper idin-2-one should have the highest react ivi ty in the alkylation reaction.  The resul ts  obtained 
from an experiment  on competing alkylation [ratio of unchanged (IIa) : (lib) : (Hc)1 : 1.12 : 1.17] show, however, 
that in this case,  as well, the f ive-membered  ring is the most  reactive.  On this bas~s it may be assumed 
that the t ransi t ion state in the react ion of (II) with (CH3)2SO 4 is reached in a la ter  stage of the reaction, i.e., 
its s t ructure  is close to the final state - s t ructure  (HI). Since the comparat ive rate of react ion has the 
same sequence (5 > 6 > 7) in both the se r ies  considered (lia-c and IVa-c),  it may be assumed that the con-  
clusion on the s t ructure  of the t ransi t ion state re la tes  not only to the alkylation of the lactams (II) but also 
to the react ion with (CH3)2SO 4 of the lactim ethers  (IV). By taking the quaternary  salts (Via-c) as an ap- 
proximate model of the t ransi t ion state it is possible to attempt to consider  the i r  charac te r i s t i cs  as func- 
tions of the size of the ring. A considerat ion of Dreiding molecu la r  models shows that with the introduc-  
tion of a methyl  group at the nitrogen atom (IVa-c), different conformational  s t ra ins  ar ise  because of the 
nonbound interaction of the CH 3 group with the protons of the rings in positions 5, 6, and 7 for (Via), (VIb), 
and (VIc), re spective ly. 

? 
CH~ ,CH3 H H 

CH 3 

Vl a - c  v l  a v l  b v i  c 

As can be seen from the project ions given, in the case of (Via} the reaction of the CH 3 group with the 
5-H is the smal les t  in this se r ies ,  and on passing to (Vib and c) the gauche conformation gradually changes 
into the completely eclipsed conformation.  

A considerat ion of Dreiding molecular  models of the N-methyUactams shows that in the p rocess  of 
O-alkylation, which is accompanied by an increase in the double-bondedness of the N - C  2 bond, the con-  
formational  s t rain increases  in the s ix-  and seven-membered  rings while i t  s ca rce ly  changes in the case 
of the N-methylbutyrolactam (Ha). Thus, on the basis  of the analysis  pe r fo rmed  it may be concluded that 
the change in the conformational  s t r e s s  in the formation of the complexes (IIIa-e) is an important  fae to r in  
determining the comparat ive ra tes  of alkylation of lact im e thers  and lactams with different ring s izes .  An 
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TABLE 1. Values of the Correc t ion  Coefficients (K) for  the 
Mixtures Analyzed as Functions of the Relative Amounts of the 
Components (N) 

Com- Relative reten- 
pound tion time 

IIa 
II,b 
IIc 

IVa 
IVb 
IVc 

1,00 
1,99 
3,31 
1,00 
2,42 
4,79 

0,48 
1,00 
2,41 
0,32 
1,00 
1,33 

I,I0 
1,00 
1,04 
1,12 
1,00 
0,96 

0,98 
1,00 
0,99 
0,80 
1,00 
0,82 

1,17 
1,00 
1,07 
1,15 
1,00 
0,97 

2,17 
1,00 
0,56 
1,36 
1,00 
0,34 

llI 

1,22 
1,00 
1,20 
1,18 
1,00 
!,11 

increase  in the nonbound interact ions in the t rans i t ion  state for the s ix-and seven-membered  compounds 
(IIb, c, IVb, c) as compared  with the f ive -membered  compounds (IIa, IVa) leads to an increase  in the free 
energy  of activation and, correspondingly,  to a decrease  in the rate of the alkylation reaction.  It must  be 
noted that the facts presented  relate only to the t r ans fo rmat ion  of the N-methyl lac tams and lact im e thers  
into the complexes (Ilia-c) and do not make it possible to judge the comparat ive  ra tes  in the (11I)--- (I) stage. 
In the p rocess  of obtaining the acetals  (I) f rom the complexes (III) a change in the hybridization of the N 
and C 2 atoms (sp 2--- sp 3) takes place, which, as is well known, is least  favorable for f ive -membered  rings 
[7]. 

EXPERIMENTAL 

The gas -chromatograph ic  analysis  was pe r fo rmed  on a JGC-810 inst rument  with a f lame-ionizat ion 
detector  and a column 100 • 0.3 cm containing 2%of SE-30 on Chromosorb  W as the s ta t ionary liquid phase. 
The rate of flow of the c a r r i e r  gas (helium) was 60 ml /min .  The separat ion of compounds (IVa-c) was p e r -  
formed at 60~ and the separat ion of (Ha-c) at 100~ 

For  an accura te  quantitative analysis ,  co r rec t ion  coefficients were determined.  It was found that 
the coefficients of the components in the mixture  changed with a change in the i r  ratio (Table 1). 

O-Methylbutyrolact im (IVa).* To 42.5 g (0.5 mole) of pyrrol idinone in 130 ml of dry benzene at 60~ 
47 ml (0.5 mole) of dimethyl sulfate was added over  40 min, the mixture was boiled for 4 h, the benzene 
layer  was decanted off, the methosulfate derivative of (IVa) was washed with e ther  and then it was cooled 
and at ~7~ was added to a mixture of 500 ml  of 40%K2CO 3 and 120 ml of chloroform.  The precipi tate  was 
f i l tered off and the layers  were separated.  The aqueous layer  was extracted with ch loroform (3 • 50 ml), 
and the combined ch loroform solution was dried with Na2SO 4 and evaporated,  to give 26.9 g (N60%) of (IVa) 
with bp 115-121~ [10]. 

Diethyl Acetal  of N-Methylpyrrol idinone (Ia). With the t empera tu re  not being allowed to exceed 40~ 
28 ml (0.296 mole) of dimethyl sulfate was added to 29.3 g (0.296 mole) of O-methylbutyrolac t im.  The 
mixture was s t i r red  for 2 h and was washed with ether ,  and the e therea l  solution was evaporated.  The r e s -  
idue was added to a solution of sodium ethoxide (from 9 g of Na and 120 ml of absolute ethanol), the sus -  
pension was s t i r red  for 1 h 30 rain, the solid ma t t e r  was f i l tered off, the f i l t ra te  was evaporated in vac -  
uum, the residue was washed with e ther ,  the e therea l  ext rac t  was fi l tered,  the e ther  was evaporated off, 
and the residue was distilled, giving 20 g of (Ia) with bp 88-90~ (78 mm) [11]. 

The diethyl acetal  of N-methylpiperidinone (Ib) was obtained s imi la r ly  with a yield of 52%; bp 69- 
70~ (12 mm) [i]. 

Diethyl Acetal of N-Methylcaprolactam (Ic). At 40-45~ 19 ml (0.2 mole) of dimethyl sulfate was 
added to 25.6 g (0.2 mole) of O-methylcaprolactim, and the reaction mixture was stirred at 50~ for 3 h. 

* The lact im e thers  (IVa, b) were synthesized by knoWn methods [4, 9]. However, in an attempt to repeat  
the method for the synthesis  of O-methylbutyro lac t im (Wa) [10] we came up against low and unstable yields 
of the des i red  product .  It was shown by special  exper iments  using po!arography and GLC that in an acid 
medium (IVa) is less  stable than in an alkaline medium. On this basis,  the method for  decomposing the 
complex (IIIa) was changed: instead of the gradual  addition of an alkaline agent to the complex, the opposite 
o rde r  of mixing the reactants  was used,  as a resul t  of which a pH of 8-9 was maintained throughout the 
addition p rocess .  This change in procedure  enabled the O-methylbutyro lac t im (IVa) to be obtained with 
stable yields of the o rde r  of 60%, calculated on the butyrolactam.  

1389 



The product was worked up as in the p repara t ion  of (Ia), the yield of (Ic) with bp 84-89~ (17 mm) [3] be-  
ing 60%. 

Reaction of the Lac t im Ethers  (IVa-c) with Dimethyl  Sulfate. To a mix ture  of the lact im e the r s  (0.05 
mole of each) was added 0.01 mole of dimethyl  sulfate,  the react ion  mix ture  was s t i r r e d  for  3 h 30 rain, 
e the r  was added, the e the rea l  solution containing the unchanged lac t im e the r s  (IVa-c) was decanted off, 
and the solution was :malyzed by the GLC method.  The (IVa) : (IVb) : (IVc) ra t io  amounted to ] : 1.13 : 1.36. 

Reaction of the N-Methy l lac tams  (IIa-c) with Dimethyl  Sulfate. To a mix ture  of the N - m e t h y l l a c t a m s  
(0.03 mole each) was added 0.006 mole  of dimcthyl  sulfate,  the react ion mix tu re  was kept at 60~ for  4 h, 
e the r  was 'ldded, "rod the e the rea l  solution containing the unchanged l ac t ams  (Ha-c) was decanted off and 
an 'dyzed by (H,C. The (Ila) : (IIb): (lIc) rat io  was 1 : 1.12 : 1.17. 
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