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It was found by means of a spectrophotometr ic  method that e s t e r s  of substituted 4-hydroxypi -  
peridines are  hydrolyzed four t imes  fas ter  in water  and in 50 % aqueous methanol in the p r e s -  
ence of alkali than in i sos ter ic  carbocycl ic  es te r ;  this is due to the presence  of the inductive 
effect of the nitrogen atom and the additional polar  effect of an as yet unknown nature.  Es t e r s  
with an axial acyloxy group are hydrolyzed more  slowly by a factor  of two to three than their  
ep imers  with an equatorial  acyloxy group owing to the s ter ic  effect, but this difference van-  
ishes when a charge is introduced into the ring, apparently because of an e lec t ros ta t ic  in ter -  
action. 

In the investigation of the interrelat ionship of the s t ructure  and proper t ies  of saturated s ix -membered  
heterocycl ic  compounds,  the establishment of the effect of the heteroatom and spatial orientation of the r e -  
action group on their  react ivi t ies  seems ext remely  important.  Both of these problems have received very  
little study in the case of functional der ivat ives  of piperidine. In this connection, we began a study of this 
problem with an investigation of the kinetics of alkaline hydrolys is  of some e s t e r s  of 4-hydroxypiperidines .  
The kinetics of hydrolysis  of the e s t e r s  of saturated nitrogen heterocycl ic  alcohols have been previously 
examined only in a few cases  (in par t icular ,  see [1-3]). We studied the alkaline hydrolysis  of cyclohexyl 
benzoate (I) and the e s t e r s  (II-VI) of substituted 4-hydroxypiper idines  (Table 1) in water  and 50 % aqueous 
methanol. The rate  of hydrolys is  of the investigated compounds was measured  by a spectrophotometr ic  
method [4, 5] based on the difference in the UV spect ra  of s tar t ing e s t e r s  I-VI and of the RC6H4COO- anions 
formed during their  hydrolys is  (the 4-hydroxypiper idines  formed as a resul t  of the react ion have pract ica l ly  
no absorption in the working wavelength region). The working wavelengths, which were selected in acco rd -  
ance with [4], for benzoates I - I I I  were 260 and 274 nm, whereas  those for p-ni t robenzoates  IV-VI were 264 
and 300 rim. The pa rame te r s  of the UV spect ra  of I-VI are  presented in Table 1. The degree of t r ans fo r -  
mation was calculated f rom Eq. (1) [4]: 

(D1/D2)" eE2- eel 
X= 

(D~ID2) (eE2-eB 2) -- te E' -eBl) ' (1) 

where D is the observed optical density, e is the molar-ext inct ion coefficient,  the E and B subscr ipts  p e r -  
tain to the es te r  and the RC6H4COO- anion, respect ively,  and the supersc r ip t s  1 and 2 refer  to the working 

wavelengths. 

Inasmuch as the alkali concentrat ion under the conditions that we adopted ei ther  exceeded the initial 
e s te r  concentrat ion by more  than an order  of magnitude o r  was maintained constant by means of a buffer, 
the hydrolys is  of I-VI was f i r s t - o r d e r  in e s t e r  and pseudo-zero  o rde r  in alkali. This is confirmed by the 
constancy of rate constant k 1, calculated from f i r s t - o r d e r  Eq. (2), during the experiment:  
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T A B L E  1. UV P a r a m e t e r s  of  the  S p e c t r a  of  B e n z o a t e s  and 
p - N i t r o b e n z o a t e s  
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The observed constant also proved to be independent of the starting ester concentration and the buffer 
concentration. 

Second-order constant k 2 was calculated from Eq. (3): 

& obs =&Icon-, (3) 

in which  c a s e  c O H -  in a q u e o u s  s o l u t i o n s  w a s  d e t e r m i n e d  f r o m  the m e a s u r e d  pH va lue  wi th  a l l owance  for  
the a c t i v i t y  c o e f f i c i e n t  (fOH- = 0.755 at  25 ~ and p = 0.15 [6]), and  cOH in aqueous  m e t h a n o l  s o l u t i o n s  was  
d e t e r m i n e d  by d i r e c t  t i t r a t i o n  wi th  a 0.1 N HC1 so lu t ion .  I n a s m u c h  a s  I I - V I  can  e x i s t  in both p r o t o n a t e d  
and u n p r o t o n a t e d  f o r m s ,  depend ing  on the pH v a l u e ,  the k i n e t i c  equa t ion  in  the g e n e r a l  c a s e  h a s  the f o r m  
(4) 

o=k~ ~ "Ctot E .Coa-=kc.Cc.Coi1-+kB-c~.coa-, (4) 

w h e r e  c c ,  CB, and Ctot E a r e t h e  s a l t ,  b a s e ,  and to t a l  c o n c e n t r a t i o n s  of the  e s t e r ,  r e s p e c t i v e l y ,  c O H -  i s  the 
h y d r o x i d e  ion c o n c e n t r a t i o n ,  kz ~  i s  the e x p e r i m e n t a l  h y d r o l y s i s  r a t e  c o n s t a n t ,  and  k C and k B a r e  the h y -  
d r o l y s i s  r a t e  c o n s t a n t s  of the p r o t o n a t e d  and u n p r o t o n a t e d  f o r m s ,  r e s p e c t i v e l y .  

When (pH -- PKa) ~ 2 (which w a s  the c a s e  d u r i n g  the h y d r o l y s i s  of  b e n z o a t e s  I - I I I ) ,  k2 ~  can  be d e t e r -  
m i n e d  a s  the t r ue  h y d r o l y s i s  r a t e  c o n s t a n t  of the  u n p r o t o n a t e d  f o r m  (kB). In o t h e r  c a s e s ,  the  c B and c C 
v a l u e s  w e r e  c a l c u l a t e d  f r o m  the pK a v a l u e s  of IV-VI .  The k B and k C v a l u e s  in t hese  c a s e s  w e r e  c a l c u l a t e d  
by the m e t h o d  of  l e a s t  s q u a r e s  f r o m  Eq.  (5), o b t a i n e d  by t r a n s f o r m a t i o n  of  Eq.  (4): 

k~ obs cc 
cB/cotot E =k~ +kc- -c-~- (5) 

In the c a s e  of  the m e t h i o d i d e s  of  IV-VI  the k2 ~  = k N va lue  p r o v e d  to be i ndependen t  of  the  pH and 
c h a r a c t e r i z e s  t h e i r  r e a c t i v i t y  d i r e c t l y .  The o b t a i n e d  k2Obs = k B v a l u e s  for  I - ! I I  a r e  p r e s e n t e d  in Tab le  2, 
and  the kB, k c ,  and k N v a l u e s  o b t a i n e d  for  I V - V I  a r e  p r e s e n t e d  in T a b l e  3. 

In o r d e r  to a s c e r t a i n  the  e f f e c t  o f  the p r e s e n c e  of  a r i n g  n i t r o g e n  a t o m  on the r e a c t i v i t i e s  of  the  c y c l i c  
e s t e r s  we c o m p a r e d  the r a t e  of  a l k a l i n e  h y d r o l y s i s  o f  b e n z o a t e s  of  c y c l o h e x a n o l  (I), 1 - m e t h y l - 4 - h y d r o x y -  
p i p e r i d i n e  (II), and  1 , 2 , 5 - t r i m e t h y l - 4 - h y d r o x y p i p e r i d i n e  (III) in 50 % a que ous  m e t h a n o l  a t  25 and 60 ~ It  i s  
s een  f r o m  T a b l e  2 tha t  the k B r a t e  c o n s t a n t  fo r  e s t e r  II i s  g r e a t e r  by a f a c t o r  of  3 . 8 -4 .1  than the cons t an t  
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TABLE 2. Hycro lys is  of Benzoates  of Cyclohexanol and Substituted 
4-Hydr0xypiperidines (II-III) in 50% Aqueous Methanol (U = 0.1) 

Com- 
pound 

I 

II 

III 

Temp. 
~ 

25 
40 
60* 
25 
40 
60 
25 
60 

:mp of the base, *C (from I k B �9 10 z, liter/ 
et e - . 

c- .ester c - I mole see 
rot 104 " on t 

5,5--I0,8 
5,5--7,08 
5,5--8,30 
5,5--6,8 

5,7 
3,45--6, I 
4,3--7,5 
5,4--7,2 

Activation I 
energy, E, lg A (~') 
keal/mole 

0,1 
0,097 

0,007--0,24 
0,045--0,09 

0,039 �9 
0,004--0,01 
0,068--0,11 
0,01--0,02 

0,115• } 
0,35• 

1,5• 
0,50• } 
1,60• 
5,8• 

0,23--+0,02 
2,0-+0,2 j 

14,4• 

14,0-+0,6 

12,1 

7,6 

7,9 

6,2 

* The dependence of the hydrolys is  rate constant  on # was verif ied 
in the 0.1-0.5 range; the difference did not exceed the experimental  
e r r o r .  

TABLE 3. Hydrolysis  of p-Ni t robenzoates  of Substituted 
4-Hydroxypiperidines  in Water  (25 ~ C, ~ = 0.15) 

Three - 
Corn- dimen- 
pound sional 

orienta- 
tation of 
the 

IVI3 
.v~ 
vu 

VII3 
Vly 

mp of the 
base, *C 
(from 
ether) 

83--84 
104--105 
94--95 
59--60 
72--73 

pKa values 
meth- 
anol -- 
water 
(1 : D 
(found) 

8,67 
8,99 
7,72 
8.07 

water 
(calc.) 

9,36 
9,73 
8,31 
8,69 

Rate comtant, liter/mole �9 see 

k 8 of the 
base 

0,58• 
0,25• 
0,13• 
0,57• 
0,18• 

k C of the 
hydro- 
chloride 

2,3• 
1,20• 
1,2• 
1,9• 
lfl• 

k N of the 
methiodide 

2,05+0,08 
1,74 _+ 0,08 
1,2-+0,2 

1,55 + 0,04 
1,52 • 0,08 

fo r  e s t e r  I.  T h i s  r a t i o  c o n s i d e r a b l y  e x c e e d s  the va lue  found in [2] fo r  the h y d r o l y s i s  of e s t e r s  I and II in 
w a t e r  and i s  c l o s e r  to the va lue  p r e s e n t e d  in [1] fo r  the  a n a l o g o u s  e s t e r s  of  a z o b e n z e n e c a r b o x y l i c  a c id  at  
25 ~ in 40 % aqueous  d ioxane  (6.0). I n a s m u c h  a s  the  c y c l o h e x a n e  and p i p e r i d i n e  r i n g s  a r e  p r a c t i c a l l y  i s o -  
s t e r i c  r e l a t i v e  to the r e a c t i o n  c e n t e r ,  the o b s e r v e d  d i f f e r e n c e  should  be a s c r i b e d  e x c l u s i v e l y  to the  p o l a r  
e f fec t  of  the c y c l i c  n i t r o g e n  a tom.  C a l c u l a t i o n s  show, h o w e v e r ,  that ,  wi th  a l l o w a n c e  fo r  the r e g u l a r i t y  of  
t r a n s m i s s i o n  of  the  induc t ive  e f fec t  [7], one should  have e x p e c t e d  an e f f ec t  tha t  w a s  a p p r o x i m a t e l y  half  the 
o b s e r v e d  va lue .  Th i s  i n d i c a t e s  e i t h e r  i n c r e a s e d  e f f e c t i v e n e s s  of t r a n s m i s s i o n  of  p o l a r  e f f e c t s  th rough  the 
p i p e r i d i n e  s y s t e m  a s  c o m p a r e d  with the  s a t u r a t e d  a c y c l i c  h y d r o c a r b o n  cha in  [7] o r  the  p r e s e n c e  of an a d d i -  
t i ona l  p o l a r  e f f ec t  of  non induc t ive  c h a r a c t e r .  The " f i e ld  e f fec t "  w a s  c o n s i d e r e d  a s  th i s  s o r t  of  e f f ec t  in [1], 
w h e r e a s  i n t e r a c t i o n  be tween  a n t i c o p l a n a r  C - H  bonds  w a s  c o n s i d e r e d  in [8]. The a v a i l a b l e  e x p e r i m e n t a l  
d a t a  do not  a s  y e t  m a k e  i t  p o s s i b l e  to m a k e  a cho i ce  f r o m  the p r o p o s e d  e x p l a n a t i o n s .  I n s o f a r  a s  e s t e r  III  i s  
c o n c e r n e d ,  i t  i s  h y d r o l y z e d  m o r e  s l owly  by a f a c t o r  of  a p p r o x i m a t e l y  two to t h r e e  than  II ,  m o s t  l i k e l y  b e -  
c a u s e  of s t e r i c  h i n d r a n c e  c a u s e d  by the CH 3 g roup  a d j a c e n t  to the r e a c t i o n  c e n t e r .  Th i s  i s  c o n f i r m e d  by 
the d e c r e a s e d  va lue  of  the p r e e x p o n e n t i a l  f a c t o r  (Table  2). 

F o r  a m o r e  d e t a i l e d  i n v e s t i g a t i o n  of the  t r a n s m i s s i o n  of p o l a r  e f f e c t s  t h rough  the p i p e r i d i n e  r i n g  i t  
s e e m s  of  i n t e r e s t  to c o m p a r e  the r e a c t i v i t i e s  of  c o m p o u n d s  wi th  r i n g - n i t r o g e n  a t o m s  in di~_ferent s t a t e s ,  
i . e . ,  to s tudy,  in add i t ion  to the  a m i n o  e s t e r  b a s e s ,  t h e i r  a n a l o g s  c o n t a i n i n g  q u a t e r n a r y  (> NR2) and p r o -  
t ona t ed  (> ~HR) a m m o n i u m  g r o u p s .  In  the l a t t e r  c a s e ,  i t  w a s  n e c e s s a r y  to s tudy  the r e a c t i o n  r a t e  a t  low 
pH v a l u e s ,  and we t h e r e f o r e  t u r n e d  to an i n v e s t i g a t i o n  of the a l k a l i n e  h y d r o l y s i s  in w a t e r  of  p - n i t r o b e n -  
z o a t e s  IV-VI ,  which  a r e  a p p r o x i m a t e l y  one o r d e r  of  magn i tude  m o r e  r e a c t i v e  than b e n z o a t e s  II  and III  
(Table  3). F r o m  the d a t a  in Tab le  3 i t  i s  f i r s t  of  a l l  s een  tha t  the h y d r o l y s i s  r a t e s  of  a l l  of  the c h a r g e d  
d e r i v a t i v e s  (k C and kN) a r e  f ive to 10 t i m e s  h i g h e r  than  in the  c a s e  of t h e i r  e l e c t r i c a l l y  n e u t r a l  u n c h a r g e d  
a n a l o g s  (kB). Th i s  e f fec t  i s  a p p a r e n t l y  a c o m b i n a t i o n  of  the i nduc t ive  and e l e c t r o s t a t i c  e f f e c t s  of  the a m -  

m o n i u m  group .  

O n e ' s  a t t en t ion  i s  d i r e c t e d  to the  fac t  tha t  the k C and k N v a l u e s  in a l l  c a s e s  a r e  e x t r e m e l y  c l o s e  - 
the d i f f e r e n c e  be tween  t h e m  d o e s  not  e x c e e d  30 %. T h i s  d i f f e r s  m a r k e d l y  f r o m  the s i t ua t ion  o b s e r v e d  in a 
n u m b e r  of a l i p h a t i c  a m i n o  e s t e r s ,  f o r  which  the p r o t o n a t e d  f o r m s  a r e  30 to 50 t i m e s  m o r e  r e a c t i v e  than 
t h e i r  q u a t e r n a r y  a n a l o g s  [9, 10]. Th i s  i s  a p p a r e n t l y  due to the e f f ec t  of  the a p p r o a c h  of  the +NHR z and C O O -  
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groups in aliphatic compounds;  this p roves  to be impossible in 4-hydroxypiper idines ,  which have quite rigid 
geometr ies .  The conformational  stabili ty of the molecules  of the investigated compounds,  par t icu lar ly  in 
the case  of N- te r t -bu ty l  der ivat ies  Vfl,y, enabled us  to compare  the r a t e s  of hydrolys is  of the geomet r ica l  
i somer s  that are  ep imer ic  with r e spec t  to C a and have different three-d imensional  or ientat ions of the acy -  
loxy groups,  It is seen f rom Table 3 that geometr ica l  i somers  V7 and VP/with  axial acyloxy groups are  
saponified more  slowly than their ep imers  Vfl and VIfl with an equatorial  acyloxy group, and kBeq/kBax ~ 2-  
3,* i .e. ,  a ratio that is ex t remely  close to the values observed  in the hydrolys is  of e s t e r s  of 4 - t e r t - b u t y l -  
cyclohexanol  (keq/k ax = 2~ [11, 12]). 

Thus the nitrogen atom does not have any substantial  effect  in this case ,  and this conf i rms  the s ter ic  
c h a r a c t e r  of the observed effect. The absence of a dependence of the hydrolys is  rate constant on the spatial 
or ientat ion of the acyloxy group in the charged der ivat ives  - the hydrochlor ides  and methiodides of V and 
VI - is unexpected and interesting.  This is most  likely associated with the presence  of an additional e l ec t ro -  
static effect,  which should be somewhat different for the geometr ica l  i s o m e r s  because of the different d i s -  
tances between the acytoxy groups  and the cationic center ;  this difference apparently compensates  the s ter ic  
effect of the axially oriented react ion center .  To ver i fy  this hypothesis one must  investigate the dependence 
Of the ra te  of hydrolys is  of the charged fo rms  of e s t e r s  of substituted 4-hydroxypiper idines  on the ionic 
strengths,  the resu l t s  of which will be presented in our  next communication.  

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

The synthesis  of e s t e r s  II and II1 was descr ibed  in [13, 14]. We obtained the geometr ica l  i somer s  of 
the e s t e r s  (IVflw-VIfl, '/) f rom the appropriate  4-hydroxypiper idines  and p-ni t robenzoyl  chloride,  and the 
products  were purified by crys ta l l iza t ion  from e ther t .  

Benzoates  I - I I I  were hydrolyzed in 50 % aqueous methanol with an ionic strength of 0.1 (chemically 
pure KC1) at pH values from 10.76 to 13.30 direct ly  in the thermosta t ted cuvette of an SF-4 spectropho~o- 
mete r .  The hydrolys is  of p-n i t robenzoates  IV-V-[ was ca r r i ed  out in a 0.01-0.05 M borate buffer (Na2B40 ~ -  
HCI, pH = 8.70-9.00; Na2B407-NaOH, pH = 9.25-11.00) [6] at 25 ~ and an ionic strength of 0.15 (the ionic 
strength was maintained by means of the addition of chemical ly  pure KC1). 

The spect rophotometr ic  measuremen t s  were made f rom aliquot samples  o r  di rect ly  in a the rmo-  
statted spec t rophotometer  cuvette. 

The basici t ies  of e s t e r s  IV-VI were determined by potentiometric  t i trat ion in 50 % aqueous methanol 
at 25 ~ The pK a values in water  were calculated from the Taft equation (6) with a cor rec t ion  for the ionic 
strength: 

p,. p* 
pg~o), l=pK~o- ~ pKC- ~ pKo~+0,5yl, 

0', (6) 

where pK 0 and P*w are the p a r a m e t e r s  of the Taft equation for the thermodynamic basic i t ies  of t e r t i a ry  
amines in water  at 25~ (pg0 w = 9.61 andp w -- - 3 . 3  [15]), pK0 s and Ps are  the same p a r a m e t e r s  for  50~ 
aqueous methanol (pK0 s = 9.06, p* s = - 2.98 [16]), PKaS is the experimental  basici ty of the amino e s t e r  in 
50~ aqueous methanol at 25 ~ and 0.5 I is the cor rec t ion  for the ionic strength,  according to [17]. 

* The somewhat elevated rate  of hydro lys is  of VIfl is possibly associa ted  with a cer tain amount of distort ion 
of the geomet ry  of the r ing in the t ransi t ion state. 

tThe  synthesis and investigation of the t ree-d imens iona l  s t ruc ture  of es te rs  IV-VI will be descr ibed in 
a separa te  communicat ion.  
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