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It was found by means of a spectrophotometric method that esters of substituted 4-hydroxypi-
peridines are hydrolyzed four times faster in water and in 50 % aqueous methanol in the pres-
ence of alkali than in isosteric carbocyclic ester; 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. Esters
with an axial acyloxy group are hydrolyzed more slowly by a factor of two to three than their
epimers with an equatorial acyloxy group owing to the steric effect, but this difference van-
ishes when a charge is introduced into the ring, apparently because of an electrostatic inter-
action.

In the investigation of the interrelationship of the structure and properties of saturated six-membered
heterocyclic compounds, the establishment of the effect of the heteroatom and spatial orientation of the re-
action group on their reactivities seems extremely important. Both of these problems have received very
little study in the case of functional derivatives of piperidine. In this connection, we began a study of this
problem with an investigation of the kinetics of alkaline hydrolysis of some esters of 4-hydroxypiperidines.
The kinetics of hydrolysis of the esters of saturated nitrogen heterocyclic alcohols have been previously
examined only in a few cases (in particular, see [1-3]). We studied the alkaline hydrolysis of cyclohexyl
benzoate (I) and the esters (II-VI) of substituted 4-hydroxypiperidines (Table 1) in water and 50 % agueous
methanol. The rate of hydrolysis of the investigated compounds was measured by a spectrophotometric
method [4, 5] based on the difference in the UV spectra of starting esters I-VI and of the RCgH,COO™ anions
formed during their hydrolysis (the 4-hydroxypiperidines formed as a result of the reaction have practically
no absorption in the working wavelength region). The working wavelengths, which were selected in accord-
ance with [4], for benzoates I-III were 260 and 274 nm, whereas those for p-nitrobenzoates IV-VI were 264
and 300 nm. The parameters of the UV spectra of I-VI are presented in Table 1. The degree of transfor-
mation was calculated from Eq. (1) [4]:

e (Dy/Dy) -eg?—eg! '
(D11Dy) (ep—epg®) — (8! —2p') @

where D is the observed optical density, £ is the molar-extinction coefficient, the E and B subscripts per-
tain to the ester and the RCgH,COO™ anion, respectively, and the superscripts 1 and 2 refer to the working
wavelengths.

Inasmuch as the alkali concentration under the conditions that we adopted either exceeded the initial
ester concentration by more than an order of magnitude or was maintained constant by means of a buffer,
the hydrolysis of I-VI was first-order in ester and pseudo-zero order in alkali. This is confirmed by the
constancy of rate constant k;, calculated from first-order Eg. (2), during the experiment:
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TABLE 1. UV Parameters of the Spectra of Benzoates and
p~-Nitrobenzoates
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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, was calculated from Eq, (3):

obs
kg =ki/con,

®)

in which case cqp- in aqueous solutions was determined from the measured pH value with allowance for
the activity coefficient (fnp- =0.755 at 25°, and u = 0.15 [6]), and cog in agueous methanol solutions was
determined by direct titration with a 0.1 N HCI solution. Inasmuch as II-VI can exist in both protonated

and unprotonated forms, depending on the pH value, the kinetic equation in the general case has the form

4)

obs

o=ky 'ctotE -Con~=RcCc-Con—+ke-Cr-Con™,

@)
where ¢, cg, and ctotE are the salt, base, and total concentrations of the ester, respectively, cqy- is the
hydroxide ion concentration, kZObS is the experimental hydrolysis rate constant, and ke and kg are the hy-
drolysis rate constants of the protonated and unprotonated forms, respectively.

When (pH — pK ) =2 (which was the case during the hydrolysis of benzoates I-I1I), k,°”S can be deter-
mined as the true hydrolysis rate constant of the unprotonated form (k). In other cases, the cg and ¢
values were calculated from the pK, values of IV-VI, The kp and kC values in these cases were calculated
by the method of least squares from Eq. (5), obtained by transformation of Eq. (4):

kgobs

ColCotoft = BhRc o

()

In the case of the methiodides of IV~VI the kZObS =k value proved to be independent of the pH and
characterizes their reactivity directly. The obtained kZObS = kg values for I-1II are presented in Table 2,
and the kg, kC, and kyy values obtained for IV-VI are presented in Table 3.

In order to ascertain the effect of the presence of a ring nitrogen atom on the reactivities of the eyclic
esters we compared the rate of alkaline hydrolysis of benzoates of cyclohexanol (1), 1-methyl-4-hydroxy-
piperidine (I}, and 1,2,5~trimethyl-4-hydroxypiperidine (III) in 50 % aqueous methanol at 25 and 60°. It is
seen from Table 2 that the kp rate constant for ester I is greater by a factor of 3.8-4.1 than the constant
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TABLE 2. Hycrolysis of Benzoates of Cyclohexanol and Substituted
4-Hydroxypiperidines (II-III) in 50 % Aqueous Methanol (u =0.1)

Com= |Temp, mp of th:tga;e,' C-(from kg 10% liter/ | Activation )
pound °C Cp oy TSteT, _ ‘mole sec energy, E, lgA 352
tot fon : kecal/mole
104 .
I 25 5,5—10,8 01 0,1150,01 .
40 5,5—-7,08 0,097 0,35+0,03 14,4%0,6 7.6
60* 5,5—8,30 | 0,007—0,24 1,5+0,1 )
I - 25 5,5—6,8 0,0456—0,09 0,50+0,03
40 . b7 0,039 - 1,60+0,25 14,0+£0,6 7,9
60 3,45—-6,1 0,004—0,01 58+0,3
mr % 43—75 |0068—011 | 023002 ) 21 62

60 5,4—17,2 0,01—0,02 2,0+02 f g >

* The dependence of the hydrolysis rate constant on y was verified
in the 0.1-0.5 range; the difference did not exceed the experimental

error.

TABLE 3. Hydrolysis of p-Nitrobenzoates of Substituted
4-Hydroxypiperidines in Water (25° C, u = 0.15)

com- | gitg?ﬁ “ |'mp of the | PK ?hvalues Rate constant, liter/mole - sec
" o metn-
pound lsuanal l(vfar;% C | anol— |water kg ofthe | kg of the |ky of the
i f?;tieg;z-f o ther) water (c ale _) base hyd ro- methiodide
the (1:1) chloride
| (found)
IVB e 83—84 7.90 8,49 0,58+0,02 2,3+0,1 2,05+0,08
' e 104—105 8,67 9,36 0,25+0,02 1,20+0,05 1,74+0,08
Vy a 94—95 8,99 9,73 0,13+0,03 1,2+0,1 1,202
VIg e 59—60 7,72 8,31 0,57+0,01 1,9+0,1 1,55+0,04
Viy a 72—73 8,07 8,69 0,18%=0,01 1,4+0,2 1,52+0,08

for ester I. This ratio considerably exceeds the value found in [2] for the hydrolysis of esters I and Il in
water and is closer to the value presented in [1] for the analogous esters of azobenzenecarboxylic acid at
25° in 40 % aqueous dioxane (6.0). Inasmuch as the cyclohexane and piperidine rings are practically iso-
steric relative to the reaction center, the observed difference should be ascribed exclusively to the polar
effect of the cyclic nitrogen atom. Calculations show, however, that, with allowance for the regularity of
transmission of the inductive effect [7], one should have expected an effect that was approximately half the
observed value. This indicates either increased effectiveness of transmission of polar effects through the
piperidine system as compared with the saturated acyclic hydrocarbon chain [7] or the presence of an addi-
tional polar effect of noninductive character. The "field effect" was considered as this sort of effect in [1],
whereas interaction between anticoplanar C—H bonds was considered in [8]. The available experimental
data do not as yet make it possible to make a choice from the proposed explanations. Insofar as ester IIl is
concerned, it is hydrolyzed more slowly by a factor of approximately two to three than II, most likely he-
cause of steric hindrance caused by the CHy group adjacent to the reaction center. This is confirmed by
the decreased value of the preexponential factor (Table 2).

For a more detailed investigation of the transmission of polar effects through the piperidine ring it
seems of interest to compare the reactivities of compounds with ring-nitrogen atoms in diS_ferent states,
i.e., to study, in addition to the amino ester bases, their analogs containing quaternary (> NRy) and pro-
tonated (> NHR) ammonium groups. In the latter case, it was necessary to study the reaction rate at low
pH values, and we therefore turned to an investigation of the alkaline hydrolysis in water of p-nitroben-
zoates IV-VT, which are approximately one order of magnitude more reactive than benzoates 1l and IIT
(Table 3). From the data in Table 3 it is first of all seen that the hydrolysis rates of all of the charged
derivatives (kg and ky) are five to 10 times higher than in the case of their electrically neutral uncharged
analogs (kp). This effect is apparently a combination of the inductive and electrostatic effects of the am-

monium group.
One's attention is directed to the fact that the kC and kyy values in all cases are extremely close —
the difference between them does not exceed 30 %. This differs markedly from the situation observed in a

number of aliphatic amino esters, for which the protonated forms are 30 to 50 times more reactive than
their quaternary analogs [9, 10]. This is apparently due to the effect of the approach of the +NHRZ and COO~
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groups in aliphatic compounds; this proves to be impossible in 4-hydroxypiperidines, which have quite rigid
geometries. The conformational stability of the molecules of the investigated compounds, particularly in
the case of N-tert-butyl derivaties V3,y, enabled us to compare the rates of hydrolysis of the geometrical
isomers that are epimeric with respect to C; and have different three-dimensional orientations of the acy-
loxy groups. It is seen from Table 3 that geometrical isomers Vy and VIy with axial acyloxy groups are
saponified more slowly than their epimers V3 and VIS with an equatorial acyloxy group, and kBeCI/kBax~2—
3,* i.e., a ratio that is extremely close to the values observed in the hydrolysis of esters of 4~tert-butyl~
cyclohexanol k®9/k%% = 2.5-6.7 [11, 12]).

Thus the nifrogen atom does not have any substantial effect in this case, and this confirms the steric
character of the observed effect. The absence of a dependence of the hydrolysis rate constant on the spatial
orientation of the acyloxy group in the charged derivatives — the hydrochlorides and methiodides of V and
VI - is unexpected and interesting. This is most likely associated with the presence of an additional electro-
static effect, which should be somewhat different for the geometrical isomers because of the different dis-
tances between the acyloxy groups and the cationic center; this difference apparently compensates the steric
effect of the axially oriented reaction center. To verify this hypothesis one must investigate the dependence
of the rate of hydrolysis of the charged forms of esters of substituted 4~hydroxypiperidines on the ionic
strengths, the results of which will be presented in our next communication.

EXPERIMENTAL

The synthesis of esters Il and III was described in (13, 14]. We obtained the geometrical isomers of
the esters (IVB,y—VIB,y) from the appropriate 4-hydroxypiperidines and p-nitrobenzoyl chloride, and the
products were purified by crystallization from etherf,

Benzoates I-1II were hydrolyzed in 50 % agueous methanol with an ionic strength of 0.1 (chemically
pure KC1) at pH values from 10.76 to 13.30 directly in the thermostatted cuvette of an SF-4 spectrophoto~
meter. The hydrolysis of p-nitrobenzoates IV-VI was carried out in a 0.01-0.05 M borate buffer (Na,B,0,—
HCI, pH = 8.70-9.00; Na,B,0, —~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 chemically pure KCl).

The spectrophotometric measurements were made from aliquot samples or directly in a thermo-
statted spectrophotometer cuvette.

The basicities of esters IV-VI were determined by potentiometric titration in 50 % agueous methanol
at 256°. The pK, values in water were calculated from the Taft equation (6) with a correction for the ionic
strength:

pKoor, 1 =pK,0— v pKo’— pf\u +0517,

6)
where pK, and p*,, are the parameters of the Taft equation for the thermodynamxc basicities of tertiary
amines in water at 25° (pKyw = 9. 61 and pw =—3.3 [15]), pKoS and ps are the same parameters for 509
aqueous methanol (pK¢S = 9.06, p & s =— 2.98 [16]), pK,® is the experimental basicity of the amino ester in
50% aqueous methanol at 25°, and 0.5 I is the correction for the ionic strength, according to [17].

*The somewhat elevated rate of hydrolysis of VI3 is possibly associated with a certain amount of distortion
of the geometry of the ring in the transition state.

+The synthesis and investigation of the tree-dimensional structure of esters IV-VI will be described in
a separate communiecation,
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