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The dependence of ApKa ( inni t romethane)and Za I of methylene-group-subst i tu ted  1-methyl -  
2-methylenepiper idines  is expressed  by the equation ApK a = - 0 . 4 1 +  11,8 Zo- I. The basieit ies 
of t e r t i a ry  enamines are  more  than five o rders  of magnitude grea te r  than the basici t ies of 
the corresponding secondary enamines.  

A number  of enamines - substituted 1-methyl-2-methylenepiper id ines  (In-i) and -hexahydroazepines 
(IIa-i) - w e r e  previously  synthesized by the reaction of N-methyl-2-piper id ine  diethyl acetals  and N- 
methylcapro lac tam [1-3] with compounds having active methylene (or methyl) groups. 

( c H 2 ~-~ 

CH 3 

I n = 2 ;  I !  n = 3  

A compar ison of the basicitiesT of identically substituted representa t ives  of both ser ies  (see Table 1) 
shows that the enamines of the piperidine se r ies  (I) are  0.5 to one order  of magnitude more  basic than the 
corresponding seven-membered  analogs (II). These data are  ext remely  s imilar  to the resul ts  obtained in 

* See [1] for communication VII. 
�9 ~ The ionization constants were  measured  with an LPU-01 potentiometer  (with nitromethane as the solvent) 

by the method in [4]. 

TABLE 1. ApKa (CHaNO2)* Values of Substituted 2-Methylene- 
piperidines and-hexahydroazep ines  (I, II) 

Compound 
index 

H 
CN 
H 
H 
H 
H 
CN 
COOC~H5 
H 
CsH5 
C6H5 
COCH3 

R' 

NQ 
CONH2 
CN 
COC6H5 
COC6H4NO2"p 
COC6H4OCH3-p 
CsH5 
COOC~H5 
COC6H4NO2-m 
COOCH~ 
COOC2H5 
COCH3 

ApK a (CHaNO2) 

I II 

6,85 7,91 
9,40 10,18 
6,48 6,90 
3,02 4,02 
4,76 5,06 
2,80 3,77 
7,01 8,75 
4,05 5,53 
4,57 
-- 2,77 
-- 2,52 
- -  3,00 

* APKa (CH3NO 2) = (pKa of diphenylguanidine) - (pK a of the enamine) 
[in nitromethane].  The e r r o r  in the determination of ApKa does not 
exceed 0.1 pK unit. 
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a m e a s u r e m e n t  of the bas ic i t i es  of l ac t ams :  in this c a s e  also,  2-p iper idone  is  ~ 0.4 pK a unit m o r e  bas ic  
than c a p r o l a c t a m  [5]. There  is  evidently a definite analogy between these two cases ,  inasmuch as p ro -  
tonation of both enamines  [6] and l ac t ams  [5] p roceeds  at the exocycl ic  carbon and oxygen a toms,  r e s p e c -  
t ively. 

( Ctl2)~l , H + (CH~)~ 

R R 

X=O, C/R" ' III n=2; IV n=$  x.l~.  J 

The data avai lable  in the l i t e r a tu re  [5] make  it  POSsible to a s sume  that  the bes t  conditions for amide 
conjugation a r e  r ea l i zed  in 2-piper idone  de r iva t ives .  S imi lar  re la t ionships  apparen t ly  should also exis t  
for the co r re spond ing  enamines .  

The r e su l t s  obtained made  i t  poss ib le  to study the c h a r a c t e r  of t r a n s m i s s i o ~  of the e lec t ron ic  e f fec t  
of a subst i tuent  to the reac t ion  center ,  which in this case  is t he /3 -ca rbon  atom of the enamines .  

It  has  been shown [6] that  the ApKa  values  of enamines  I I a - / c a n n o t  be sa t i s f ac to r i ly  co r r e l a t ed  with 
the ~I and ~R constants .  A m o r e  detai led examina~on  of the r e su l t s  obtained showed that  I I / h a s  an anom-  
a lously  high basici ty ,  which can be explained by substant ia l  s tabi l izat ion of the O-pro tona ted  fo rm of V due 
to hydrogen bonding*: 

0 ~ CI4~ 

CH~ 

H I  

A compar i son  of the APKa (CH3NO 2) values  of enamines  I a - k  with the $a  I constants  showed that the 
re la t ionship  between these values  is  e x p r e s s e d  by the equation 

ApK~,= - 0 9 1  + 14,15~i; r=0.958, s=0.79. 

Cor re la t ion  with r e s p e c t  to the equation hpKa=ApK~,~ gives the following p a r a m e t e r s :  
p[ = 14.12, PR = 0.581, APKa ~ = --0.99'  r = 0.963, and s = 0.77. In o rde r  to a sce r t a in  the s ignif icance of the 
magnitude of PR, we ca lcula ted  the par t ia l  coeff ic ient  of co r r e l a t i on  r x z / y  , where  x=ff i ,  y = a R ,  and z = 
APKa ,  the value of which (0.34) m a k e s  i t  poss ib le  to cons ider  the ApKa and a R values to be mutual ly  in-  
dependent [8, 9]. It  hence follows that  PR is  s ta t i s t i ca l ly  r e l i ab ly  indis t inguishable f rom zero .  

S imi la r ly ,  for the ApK a (CH3NO 2) values  of I a - i  and khe Z~ I cons tan t s t  the equation has  the f o r m  

ApKa-- -0.41 + i 1.8~(lr; r=0.986, s =0.38.  

Calculat ion of the mul t ip le  co r re l a t ion  gives  in this case  the equation ApK a - - - 0 . 7 9 9 +  1 2 . 5 8 ~  I -  
0.27ZcrR, for  which r x z / y  = - 0 . 1 1 ;  this m a k e s  it  poss ib le  to cons ider  ApK a and ~R to be mutual ly  inde-  
pendent.  

In examining these equations one ' s  at tent ion is drawn to the e x t r e m e l y  la rge  values  of the s tandard  
deviat ions;  this m a k e s  it  imposs ib le  to cons ider  the co r r e l a t i ons  obtained to be comple te ly  sa t i s fac tory .$  
Neve r the l e s s ,  i t  can be a s s e r t e d  that  the inductive effect  makes  the p r i m a r y  contr ibution to the i n t e r a c -  
tion of the subst i tuent  with the reac t ion  cen te r .  

In the m e a s u r e m e n t  of the ionization cons tants  of enamines  one should bear  iu mind that  the m e a -  
su red  constant  c o r r e s p o n d s  to the sum of the contr ibut ions of C-  and N-protonat ion (equi l ibr ium between 
A and B),* * although C-protonat ion,  which is  r e spons ib le  for the high bas ic i ty  of enamines  as a conse -  

* Acety lace tone  in nonaqueous solvents  is a t au tomer ic  mix tu re  with p redominance  of the enol [7]. Con- 
sequently it can be expected  that  in the case  of enamine IIl the O-pro tona ted  fo rm r a t h e r  than the C - p r o -  
tonated fo rm (as is  usual ly  the ease)  will be the m o r e  s tab le  f o r m  the rmodynamica l ly .  

The constant  for the m-O2NC6H4CO group ca lcula ted  by the method in [10] and the equations p resen ted  in 
[6] is 0.395. The ~R constant  (0.136) was obtained by this s ame  method.  
$ However ,  one should point out the i naccu racy  of the ~ constants  used for  the ana lys i s ,  a port ion of which 
were  obtained by computat ion [6, 10]. 
* * In the case  of enamino ketones ,  one m u s t  a lso  take into account  the poss ib i l i ty  of O-protonat ion.  
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quence of the format ion in this case  of the the rmodynamica l ly  m o r e  stable cation [11, 12], is  the p r e d o m -  
inant p r o c e s s .  

"* 

I / X  
R R R H  

B 

In this connection, i t  s e e m s  of i n t e r e s t  to compare  the r e su l t s  of m e a s u r e m e n t s  of ApK a (CH3NO 2) 
for  t e r t i a r y  (Ha, b) and secondary(Via ,  b) [1, 13] enamines .  I t  was found that  the bas ic i t ies  of enamines  
Via, b a re  lower  by five o rde r s  of magnitude than the bas ic i t ies  of enamines  IIa,  b; of course ,  this cannot 
in any way be a s soc ia t ed  with the weak e lec t ron-donor  effect  of the methyl  group. This  s t range ,  at  f i r s t  
glance, phenomenon can be explained by an examinat ion of the equi l ibr ia  that  occur  during the protonation 
of the indicated enamines :  

/ R  CH H+ CH 
R' H \R '  \ R '  

VI a, h Vi "H + a,b VII a, b 

V| ,VI I  a R = t t ,  R'=NO2; b R=CN,  R'=CONH 2 

As seen f rom the s chemes  p resen ted  above,* the p r i m a r y  dif ference between enamines  Ha, b and 
Via, b cons is t s  in  the fact  that substant ia l ly  m o r e  stable immonium cat ions IVa, b a r e  f o rmed  in the p r o -  
tonation of the f o r m e r  (deprotonation r equ i r e s  c leavage of the C - H  bond). In the second case  (Via, b), 
the i m i n e ~ i m m o n i u m  cation ( V I I ~ V I - H  +) equi l ibr ium makes  the p r i m a r y  contribution to the effect ive 
ionization cons t an t .  However,  inasmuch as the ground s ta tes  of II and VI in both cases  a r e  energ ica l ly  ex-  
t r e m e l y  c lose ,  i t  is  c l ea r  that  the cons iderab ly  g r ea t e r  s tabi l i ty  of cation IV as c o m p a r e d  with VI .  H + leads 
to substant ia l ly  g r e a t e r  bas ic i ty  of t e r t i a r y  amines  II as compa red  with secondary  amines  VI. The fac t  
that  p r i m a r i l y  C-prot~nation takes  place  in the case  of secondary  enamines  is conf i rmed  by the PMR spec -  
t r a  of IVa in concent ra ted  H2SO 4. 

The above in te rpre ta t ion  is in good a g r e e m e n t  with the fact  that  when the bas ic i t i es  of 3 - e t h y l - 3 -  
ca rbe thoxy-O-e thy lva l e ro l ac t im  (imine) (VIII) and 1 - e t h y l - 2 - e t h o x y - 3 - c a r b e t h o x y - l , 4 , 5 , 6 - t e t r a h y d r o -  
pyridine (enamine) (IX) were  compared ,  the l a t t e r  p roved  to be four to five o rde r s  of magni tude m o r e  
basic [14, 15]. 

/~'-.~/C~ Hs ~ C O O C 2 H  s 
i [~c~176 
~. N//~,.OC2 H5 ~-N/\OC2H5 

C2H 5 

VIII IX 

p.,k'~ 15.0% alcohol) 4.60 pK,, (50% alcohol) 9.65 
ApK~ (CHINO2) 3,95 ApKo (CHzNO2) --0.03 

VIII IX 

It  i s  comple te ly  c lea r  that the compar i son  of the ionization constants  of secondary  and t e r t i a r y  en-  
amines  co r r e sponds  approx imate ly  to a compar i son  of t e r t i a r y  enamines  with imines  (compare  the equi-  
l ib r ia  Ia, b~- IVa,b and VIIa,b ~ -VI -  H+a,b). 
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