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IX.* DEUTERIUM EXCHANGE IN THE 1 - M E T H Y L - 2 - A R Y L I M I N O L A C T A M  SERIES 
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The r a t e  of d e u t e r a t i o n  of 1 - m e t h y l - 2 - a r y l i m i n o l a c t a m s  depends  on the e l e c t r o n i c  c h a r a c t e r  
of the  s u b s t i t u e n t  in the  b e n z e n e  r i n g  and on the s i z e  of the l a c t a m  r ing .  D e u t e r i u m  exchange  
p r o c e e d s  at  the h ighes t  r a t e  in p ip  e r i d i n e  d e r i v a t i v e s  that  have e l e c t r o n - d o n o r  s u b s t i t u e n t s  in 
the  b e n z e n e  r ing .  

It i s  known [2, 3] that  l a c t a m  e t h e r s  e x i s t  in so lu t i on  in t a u t o m e r i c  e q u i l i b r i u m  with  the c o r r e s p o n d i n g  
~ - a l k o x y e n e s  (A ~ B), and th i s  p r o t o t r o p i c  t r a n s f o r m a t i o n  can  be r e a l i z e d  only by m e a n s  of s t r i p p i n g  of a 
p r o t o n  f r o m  the 3 - p o s i t i o n  of the m o l e c u l e  

TABLE i. 

J 

~.N' OR '~-N ",OR 
H 

A B 

2 - A r y l i m i n o  D e r i v a t i v e s  of l - M e t h y l l a c t a m s  

8 

Ia 
IIa 

IIIa ~ 
IIIb 
IIIc 20 
IIId 20 

1 
1,5 

mp or bp 
(ram), *C "D2~ 

163--164 (5mn~ 1,5876 
76,0--76,5 a 
84--86b 

158-159  (2mm)i 1,~33/  
147--148 (5~)1 1,58181 
68--~9b ! - 

Empirical 
formula 

C12HI6N~O 
CtsHlsN20 
CI4H2oN20 
CI4H2oN~ 
CtsHtsN~ 
C~aHITN2C1 

Found,~o 

c H 

i0,5 7,9 
71,7 8,3 
71,8 8,5 
77,7 9,3 
76,5 8,7 
66,1 7,3 

Ca] 

c 

70,6 
71,6 
72,4 
77,8 
77,2 
66,1 

7,8 
8,3 
8,6 
9,3 
8,9 
7,2 

a 

79 
81 
88 
87 
90 
69 

a r r o m  hexane ,  b F r o m  p e t r o l e u m  e t h e r .  

T A B L E  2. PMR S p e c t r a  ( c h e m i c a l  shifts ' i  ppm)  

Com- 
pound H~ H6 Ar  p - O C H ~  p - C H 3  

2,33 
2,17 
2,35 

2,45 

2,39 

2,36 

2,44 

H 4 H ~ 

1,91 3,37 
1,67 
1,63 

1,63 

1,62 

1,65 

1,68 

H r N-CH3 

- -  2,92 
374 2,95 3,05 

3,44 3,05 

3,41 3,05 

3,4~5 3,05 

3,50 3,09 

6,77 
6,71 
6,60d 
6,80 d 
6,60d 
6,80 d 
6,65 d 
6,88 t 
7,28 t 
6,62 d 
7,02 d 
6,80d 
8,09 d 

3,73 
3,72 
3,74 

I a  

IIa 
IIIa 

IIIb 

IIIc 

IIId 

IIIe 

m 

3,74 

*See  [1] fo r  c o m m u n i c a t i o n  VIII .  
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Inasmuch as the e lec t ron-accep tor  interaction (on the C 3 atom) of the imino ether  and 
the amidine groupings is s imi lar ,  one might expect that the protons attached to C 3 
in amidines, which are readily obtained f rom lae tam acetals  [4], will also be suffi- 
ciently labile. This in turn  c rea tes  the prerequis i te  for  electrophil ic  substitution 
in the 3-position. 

In this connection, the rate of deuteration in the presence  of a large excess  of 
C D3OD was investigated for  1 -methy l -2 -a ry l imino lac tams  Ia, IIa, and IIIa-e,  which 
were obtained f rom the diethyl acetals of N-methylbutyro- ,  va lero- ,  and capro lac tams 
(Table 1), by measurement  of the integral  intensities of the signals of the protons 
attached to C 3 in the PMR spect ra  (Table 2).* The rate constants were calculated 
f rom the f i r s t - o r d e r  equationt by the method of least  squares  (see Table 3). It was 
found that the amidine with a s ix -membered  ring (IIa) is deuterated at the highest 
rate.  The rate of deuteration in the ser ies  of amidines IIIa-e depends substantially 
on the cha rac t e r  of the substituent in the aromat ic  ring and decreases  on passing 
f rom electron donors to e lec t ron  acceptors .  

(c.o~ [ " - ~ ' n - ~ - r  
~ \OC~H 5 

CH 3 CH a 

l - I l l  

l a  c = l ,  R OCH3; II a n=2 ,  R=0CH3;  l l l a - e  n: 3, a R=OCH3; 

b R=CH3; C R=H; d R-C1;  e R=N02  

The dependence log K = 0 . 0 4 5 -  0 .976~ i -  1.52a R with multiple cor re la t ion  coefficient 
R = 0.964 and So--0.19 was obtained by corre la t ion  of the rate constants obtained with 
the r and aft constants.  The low Pi and PR values indicate that charged ions are ab- 
sent in the t ransi t ion state. The substantial contribution to the interact ion of the con- 
jugation effect makes it possible to represent  the activated complex as follows (B is 
a solvent molecule or  a second amidine molecule):  

H .-:B '?G:" 
"-,NY x'rq--C5 H5 

I i - 
CH3 D,., ~) R 

IV 

Correspondingly,  e lee t ron-accep tor  substituents should lower  the stability of 
the activated complex and thereby decrease  the rate of deuter ium exchange; this is 
actually observed.  The step that l imits  the rate of the react ion is detachment of a 
proton f rom the 3-position. The activation pa rame te r s  for  deuteration of amidine 
IIIa were obtained f rom data on the rate constants of the p roces s  at various t empera -  
tures  (Table 3): E ~= 17.21 + 0.05 kcal/mole-1;_log A = 11.81 :e0.013; AH #= 16.62 ~0.05 
kcal /mole-1;  and AS #= - 6 . 5  * 0.057 e a l / m o l e  -1 deg - l .  The relat ively low activation 
entropy is in good agreement  with the proposed s t ruc ture  of the t ransi t ion state. As 
CD3OD approaches the C 3 atom in the step involving the formation of the activated 
complex, with simultaneous detachment of a proton, one should have expected con- 
siderably l a rge r  AS # values. On the basis of the preceding, it is possible to explain 
the change in the rate of deuterium exchange of amidines as a function of the size of 
the ring. Inasmuch as the protons are not in a shielded conformation only in the six- 
membered  ring, the approach of base B to the protons attached to the C 3 atom in this 
case is less  s ter ieal ly  hindered than in the case of f ive -and  seven-membered  amidines.  

Deuterium exchange of protons in the 3-posit ion of amidines I-III  may be ac- 
celerated in the presence  of basic or  acidic cata lys ts .  In the f i rs t  case, the acce le ra -  

�9 The integral intensity of the protons attached to C 3 was assumed to be one atthe s ta r t  
of the recording.  
tA pseudo f i r s t - o r d e r  reaction is confirmed by the l inear  dependence of In (C O - C) 
on time; r > 0.96, S02 =0.07-0.0006. 
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tion is achieved due to the effective interact ion of the base with the hydrogen atom attached to C3, while in 
the second case,  acce lera t ion  is achieved by protonation of the N�89 atom and corresponding facilitation of 
detachment of protons f rom the 3-posi t ion of the molecule.  This sor t  of examination cor responds  to the 
general  concepts of the mechanism of ac id-base  cata lys is  (for example, see [5]). The detachment of a p ro -  
ton f rom C 3 during the simultaneous addition of a deuteron to N' 2 may also not be accompanied by the addi- 
tion of deuter ium to form the C s - D  bond; this should lead to the appearance of enediamine tautomeric  fo rmV.  

((~H,)~ H ( C, II, )#,~HD CD3OD 
IV ~ i " ndl ~ ~, ."  'x e t C .  

~'~N ~N- -A r  N.~N_Ar 
CH 3 D CH  3 

V 

The data obtained do not exclude the assumption that the investigated amidines exist  in tautomeric  
equil ibrium with enediamines V. However, this equil ibrium is almost  completely shifted to favor  the amidines, 
inasmuch as the signals of the enamine form are not detected in the PMR spect ra  in CD303 (see Table 2). 

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

The PMR spect ra  were recorded with a JNM-4H-100 spec t romete r  with te t ramethyls i lane as the in- 
ternal  standard.  

1-Methyl-2-(p-anis idyl imino)pyrrol idone (Ia). A 3.46-g (0.02 mole) sample of N-methylpyrrol idone 
diethyl acetal  in 10 ml of dry ch lo roform was added to 2.46 g (0.02 mole) of p-anisidine in 15 ml of dry chlo- 
roform,  and the mixture was s t i r red  at 60 ~ for 1 h. The solvent was evaporated, and the residue was dis-  
tilled to give 2.6 g (79~) of Ia with bp 163-164 ~ (5 ram). Compounds !Ia and IIIa-d (see Table 1) were s im-  
i lar ly synthesized f rom the appropriate  acetals .  Compound IHe was previously described in [4]. 
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