
International Journal of Pharmaceutics, 9 ( I98 1) 7- I6 
Elsevier/North-Holland Biomedical Press 

7 

Hydrolysis of N-Man&h bases and its 
consequences for the biological testing of such 

agents 

Hans Bundgaard * and Marianne Johansen ** 
The Royal Danish Schaai of Pharmaqv, ’ Department of Pharmaceutical Chemistry AD and l * Department 

of Pharmaceutics, 2 Unioersitetsparken, DK-2100 Copenhagen (Denmark) 

(Received April 13th. 1981) 
(Accepted April 27th 1981) 

Although N-Man&h bases of amides, imides, hydantoins and various other 
NH-acidic compounds have been known for a long time, and several drug subs- 
tances and other compounds bearing an NH-acidic group have been modified by 
N-aminomethylation and tested as potential medicinal agents, the facile decomposi- 
tion of several N-Mannich bases in aqueous solution has not been generally 
recognized. In this paper recent kinetic studies by the authors on the stability of a 
great number of N-Man&h bases are summarized and used to show that several 
previous reports on biological testing of various N-Mannich bases may be unrealistic 
because of very rapid decomposition of the derivatives in aqueous medium. The 
structurdj factors influencing the decomposition rate of N-Mannich bases are 
discussed and structure-reactivity relationships are given which may be useful for 
the prediction of stability of new N-Mannich bases as well as for retrospective 
evaluations. 

Introduction 

N-Mannich bases are formed by reacting an NH-acidic compound with for- 
maldehyde, or in rare cases, other aldehydes and a primary or secondary aliphatic or 
aromatic amine. The process can be considered as an N-aminomethylation or 
N-amidomethylation (in the case of the NH-acidic compound being an amide, 
Scheme 1). 

R-CONH, +CH,O+ R,R,NH it R-CONH,-CH,-NR,R, + H,O 

Scheme 1 

Although N-Man&h bases of amides, imides and various other NH-acidic 



compounds have been known for a long time (for reviews, see Heltman and Opitz, 
1960; Tramontini, !4973) information on the stability and reactivity, in a quantitative 
manner, of such derivauives in aqueous solution has cnly recently become available 
(Bundgaard and Johansen, 198Oa, b and c, 1981b; Johansen and Bundgaard, 198Ob, 
1981). In these studies, a great number of N-Mannich bases of various carboxa- 
mides, thioamides, sulphonamides, imides, urea derivatives and other NH-acidic 
compounds were shown to decompose quantitatively to the parent compounds 
(amide-type compound, amine and formaldehyde (Scheme 1)) in aqueous solution 
with rates highly dependent on pH and on various structural factors. The stability of 
the derivatives studied varied widely, the half-lives of decomposition at 37OC 
ranging from several hours to less than a second. Along with other studies (Bundgaard 
and Johansen, 1981a; Jiohansen and Bundgaard, 198Oa) these investigations aimed to 
explore the concept of N-aminomethylation or N-amido-methylation as a potentially 
useful means of obtaining-drug forms of various NH-acidic compounds and amines. 

Several drug substances and other compounds bearing an NH-acidic group have 
been modified by N-aminomethylation and tested for various biological and 

TABLE 1 

SOME NH-ACIDIC COMPOUNDS OF WHICH DIFFERENT N-MANNICH BASES HAVE BEEN 
TESTED FOR VARIOUS BIOLOGICAL OR PHARMACOLOGICAL EFFECTS a 

Parent NH-acidic compound Reference 

liichloroaoetamide Schoaenberger et al. (1973) 
Acetazolamide Siegel et al. ( I97 I) 
Methawlamide Sieger et al. (1971) 
2-Benwxaxolinones Varma and Nobles ( I %8) 
Phthalimide Chiavarelli et al. (1963); Schonenberger et al. (1973) 
Succinimidcs Chiavarelli et al. (1963); Eckstein et al. (1967); 

Lucka-Sobsd and Zejc ( 197 I); Pjch6nenberger and Lippert ( 1972); 
Schanenberger et al. ( 1973); Magarian et al. (I 973); 
Lange et al. (1977a and b); Lapsxewia et al. (1978) 

Giutarimides Abou-Gharbia et al. (1978) 
Hydantoins Winstead et al. (1965); Malec (I 966); Zejc ( 1967. 1968); 

Lucka-Sobstel and Zejc (1970); Zjec and Pawlowski (1980) 
2-Thiohydantoins M&c ( 1966); Lucka-Sobstel and Zejc ( 1970) 
2,4-Dithiohydantoins Zejc ( 1968) 
Oxarolidine-2.4diones M&c ( 1966); Eckstein and Paxdro ( 1966) 
Barbituric acids Eckstein et al. ( I!%); Sladowska ( 1979) 
Isatins Varma and Nobles (1%7b, 1975); Lucka-Sobstel et al. (1974); 

Movrin and Medic-Saric ( 1978); Kupinic et al. (I 979); 
Maysinger e: al. ( 198Oa and b) 

Imidaxolidinc-2-thione Sawlewicz et al. ( 1975) 
3-Arylimino-2-indolinones Varma and Khan (I 978); Movrin and Maysinger (1979) 
Benzimidaxolles Orth et al. (1968); Bahadsrr et al. (1976); Varma (lo77); 

Varma et al. (1980) 
Benxotriazole Orth et al. (I%@ 
aheophylline Buckhalter and Dill ( 1959) 

’ APPammlY with no recognition of the high lability of the compounds tested. 
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pharmacological effects. In Table 1 are listed a selected number of studies in which 
various N-Man&h bases have been subjected to biological testing. However, the 
facile decomposition of these N-Mannich bases in aqueous solution does not appear 
to have been recognized. Since N-Man&h bases continue to receive interest as 
potential medicinal agents, as reflected in recent literature describing studies on 
synthesis and pharmacological screening of such compounds, it seems highly ap- 
propriate to point out thgit such studies (and those referred to in Table 1) may be 
meaningless or become invahdated or misinterpreted, simply due to the fact that the 
derivatives are decomposed to the parent compounds immediately upon dissolution 
in an aqueous medium. The purpose of this paper is to address this warning on the 
basis of our recent kinetic studies on the stability of various N-Man&h bases and to 
point out some structure-reactivity relationships which may be useful for the 
prediction of the stability of N-Man&h bases. The stability data given for some 
N-Man&h bases have not been reported before. 

Discussion 

Kinetics and mechanism of decomposition of N-Mannich bases 
The previous kinetic studies (Bundgaard and Johansen, 1980a and b, 198 1 b) 

showed that at constant pH and temperature, the decomposntion rates of the 
N-Man&h bases of varies amides and imides followed strict first-order kinetics 
and all reactions went to ampletion. No general acid-base catalysis by the buffers 
used was apparent. The pH-rate profiles for most compounds have a sigmoidal 
shape as seen in Fig. 1. ese pH dependences of the observed apparent first-order 
rate constant, k,,, could be accounted for by assuming spontaneous decomposition 
of the free Manmch bases (B) and their conjugate acids (BH + ); the expression for 
k,, is: 

k ohs = 
k&i + k*aIJ 

aH +K% 8H +K, 
0) 

where K, is the apparent ionization constant of the protonated N-Man&h bases, 
an is the hydrogen ion activity, and k, and k, are the apparent first-order rate 
constants for the spontaneous degradation of B and BH + , respectively. 

The reaction mechanism proposed (Bundgaard and Johansen, 1980b) for the 
decomposition involves as rate-determining step an unimolecular N-C bond clea- 
vage with formation of an amide (or imide) anion and an immonium cation. In 
subsequent fast steps, a solvent molecule transfers a proton to the anion and a 
hydroxide ion to the immonium ion, giving methvlolamine, which rapidly dissociates 
to formaldehyde and amine. 

Structural effects on decomposition rate 
The structural effects on the decomposition rate of N-Man&h bases derived 

from carboxamides, thioannides, sulphonamides or imides and aliphatir or aromatic 
amines were shown to involve steric effects and basicity of the amine component and 
acidity of the amide-type component (Bundgaard and Johansen, 198Ob, 1981b). 



Fig. I. The pH-rate profiles for the decomposition of various N-Man&h bases in aqueous solution at 
37°C. Key: l . N-(morpholinomethyl)-p-toluenesulpbonamide; 0, N-(piperidinomethyl)trichloro- 
acetamide: A. N-(morpholinomethyl)trichloroacetamide; 0, N-(diethylaminomethyI)benzamide; 0, N- 
(isobutylaminomethyl)benzamide; and A. N-(benzylaminomethyl)benzamide (from Bundgaard and 
Johansen ( 198Ob)). 

These factors are most pronounced with respect to the rate constant k, and, 
accordingly, to the decomposition rate in weakly acidic to basic aqueous solutions. 
The rates of the hydrolysis of unprotonated Mannich bases are accelerated strongly 
by: (a) increasing steric effects within the amine substituent; (b) increasing basicity 
of the amine component; and (c) increasing acidity of the parent amide-type 
compound. 

For some N-Mannich bases of benzamide and various amines the rate constant, 
k t, could be expressedl by the following expression (Bundgaard and Johansen, 
198Ob): 

logk, = 2.30~ - 3.50 (k, in min-‘; 37OC) (2) 

where v is Charton’s stceric substituent parameter for alkylamino groups (Charton, 
1978). The marked intluence of the steric effect on k, can be exemplified by 



comparing the k,-values for the benzamide Mannich bases of diethylamine (0.52 
min- r ) and ethylamine (0.0084 mm-r). 

For amines with the same steric properties but differing in basic&y, the rate 
constants, k,, for the decomposition of the respective N-Man&h bases were shown 
to increase almost IO-fold with an increase of unity of the pK, of the amines. Thus, 
for various N-(arylaminomethyl)succinimide derivatives the following relationship 
was derived (Bundgaard and Johansen, 198 1 b): 

log k, -0.93 pK, - 4.81 (k, in min- ’ ; 37OC) (3) 

The structural effect of the amide-type component in the Mannich bases on the 
decomposition rate was delineated from rate data obtained for several Mannich 
bases with either piperidine or morpholine (Bundgaard and Johansen, 198Ob). The 
reactivity was shown to increase strongly with increasing acidity of the parent 
amide-type compound. For the Mannich ba.ses with piperidine the following rela- 
tionship was derived: 

log k, = -1.42 pK, + 19.3 (k, in min-‘; 37OC) (4) 

For morpholine derivatives Eqn. 5 was obtained: 

log k, = - 1.15 pK, + 13.9 (k, in mm-‘; 37°C) 

Eqns. 4 and 5 in which pK, refers to the ionization constant for the parent 
amide-type compounds (at 20-25°C) cover both aromatic and aliphatic carboxa- 
mides as well as a thioamide and a sulphonamide. N-Man&h bases of urea, 
thiourea and N-acyl thiourea derivatives were found to deviate from these relation- 
ships showing a greater reactivity than expected on the basis of their pK, values. A 
positive deviation has also been observed with N-Man&h bases of salicylamide 
(Johansen and Bundgaard, 1980b). 

Some representative rate data for the decomposition of various N-Man&h bases 
are given in Table 2. 

Stability predictions 
The correlations given by Eqns. 4 and 5 may be highly useful for the prediction of 

the stability of new N-Mannich bases as well as for a retrospective evaluation of 
already described Mannich bases since piperidine and morpholine have been the 
most commonly used amines in the synthesis of N-Man&h bases. Thus, the 
Mannich bases referred to in Table 1 have almost all contained piperidine or 
morpholine as the amine component. Furthermore, in the sense of serving purpose 
of prediction,, piperidine and morpholine represent amines with relative greatly 
different basicity, the pK, being 11.1 and 8.3, respectively. 

Since the rate constant, k,, accounts for the overall rate constant for decomposi- 
tion in weakly acidic to basic solutions the half-life for the hydrolysis under these 
conditions may be expressed by: 

b/2 = 

0.693(a, + K,) 

VGA 
(6) 
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TABLE 2 

OBSERVED RATE DATA FOR THE DECOMPOSITION OF VARIOUS N-MANNICH BASES IN 
AQUEOUS SOLUTION AT PC a 

Compound IL, @Iin-‘) t I,&? (mw b 

N-(Piperidinomethyl)benzam~de 
N-(Pipexidinomethyl)-4ktrobenzamide 
N-( Fiperidinomethyl)acetamide 
N-(Piperidioometbyl)dichlor~~acet~ide 
N-(Pipcridinomethyl)trichloroacetamide 
N-(Piperidinometbyl)~o~~~de 
N-(Morpholinomethyl)benamide 
N-~Mo~~~me~yl)~o~~de 
N-(NorpboIinome~yl~~-toluenesulphonam 
N-( Methylaminometltyl)bnide 
N_(Ethylaminomethyl)benzamicle 
N-tDiethyl~nome~yl)~~~de 
N-(Benzylaminometbyl)benzamide 
iJ-(Morpholinomcthyl)-N’-acetylthiourea 
N-(Piperidinomethyl)-N’-methylurea 
N-(~~~dinomeihyl)salicylarr?ide ’ 
N-(Morpholinomethyl)salicylamideC 
N-(Anilinomethyl)succinimide d 
N-( ~Tol~dinometbyl)suc~~mide d 

0.05 1 
0.17 
0.0055 
2.48 

3s 
13 
0.000.5 
0.52 

60 
0.0026 
0.0084 
0.52 
o.OQ20 
0.91 

0.36 
0.76 

41 
8 

400 
0.4 
0.02 
0.06 

1400 
1.3 
0.01 

600 
190 

4.0 
380 

0.8 
5.0 

14 
41 

1.9 
0.9 

From Bundgaard and Johansen (198clb) if not otherwise indicated. 
Al pH 7.4c. 
From Jobansen and Bundgaard ( 198Ob). 
From Bundgaard and Johansen ( 198 B b). 

where k, is the ionization constant of the beech base. In neutral and basic 
solutions the Mantich bases occur mostly or entirely in the free base form (Bundgaard 
and Johansen, 1980b; 19181 b) and therefore, Eqn. 6 may be simplified to: 

*i/2 

_ 0.693 

4 

Combinks Eqn. 7 and Bqns. 4 and 5 affords the following equations: 

log t 1,2 =I 1.42 pK, - 19.5 

for pip&dine derivatives and 

fog $2 = 1.15 pK, - 14.1 

for morpholine derivatives. 

(3 

(8) 

(91 

In the equations, t l,2 is given in minxat 37OC. These equations readily allow a 
predictive estimation of the stability of pip~~dine or morpholine Danish bases; 
some calculations are given in Table 3. 

N-Mannich bases with morpholine and piperidine of succinimide, phthalimide, 
phenytoin, 5~5-diethylb~bitu~~ acid, S-c~oro-2-benzox~o~none, a~t~o~~de, 
allopurinol, chlorothiazide and hydrochlorothiazide were previously shown to be so 
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TABLE 3 

PREDICTED HALF-LIVES OF DECOMPOSITION OF N-MANNICH BASES OF MORPHOLINE 
OR PIPERIDINE IN NEUTRAL TO BASIC AQUEOUS SOLUTIONS (W’C) AS A FUNCTION OF 
THE pK, OF PARENT NH-ACIDIC COM~UND 

pK, of parent 
NH-acidic compound 

b/2 

moxpholine 
N-Mannich base. 

piperidine 
N-Man&h base 

I5 23.3 h 
14 1.7h 
13 7.1 tin 
12 0.5 min 
IO 0.2 s 

63 min 
2.4 min 
5.4 s 
0.2 s 
3x10-4s 

unstable in aqueous solution at 20°C that no quantitative rate data could be 
ob~ed in the pH range 0- 12 (Bundg~~d and Johansen, 1980b and c; 198la). The 
upper tit for the half-lives which could be determined was about 10 set when 
using direct UV-spectrophotometry. In the spectrophotometric assay for formalde- 
hyde (i.e. incubation of the compounds for 30 min at 20°C in an acetate buffer 
solution of pH 4 containing 3-methyl-benzothiazol-2-one hydrazone hydrochloride 
(Johansen and Bundgaard, 1979)) the compounds showed a quantitative release of 
formaldehyde. This great lability of the compounds are in accord with the predict- 
ions made from Eqns. 8 and 9 since the parent amide-type compounds are all 
characterized by a relatively high acidity, the p&s being less than 10. 

All the parent compounds referred to in Table 1 possess NH-acidic moieties with 
p&s below about 11. In addition to the compounds men~oned above the fo~o~ng 
N-Mannich bases were prepared (refs. stated in parenthesis) and tested for decom- 
position in the present study: benzimidazole with piperidine (Bachman and Heisey, 
1946) and aniline (Blade et al., 1976), phenytoin with aniline (Winstead et al., 
1965), isatin with piperidine (Karma and Nobles, 1967a) and theophyke with 
morpholine and piperidine (Burckhalter and Dill, 1959). Using similar experimental 
procedures as referred to above these N-Man&h bases proved so unstable in 
aqueous solution (pH 0- 12) that no qu~titative rate data could be obtained. Again, 
this result is in accordance with the structure-reactivity relationships described 
above. 

It should be added that some qu~itative rate data for the d~m~sition of 
various N-Mannich bases have been described several years ago (Weitzel et d., 
1964). However, the experimental procedures used appear to be poorly controlled 
and the rate data differ ~nsiderably from those rnen~on~ above. 

In conclusion, these results along with those summarized from the previous 
kinetic studies show that it is very important to recognize the lability characteristics 
of N-Mach bases when performing biological or pharmacological testing of such 
agents. For future studies with new N-Man&h bases as well as for retrospective 
evaluations the structure-reactivity relationships pointed out should be useful for 



the prediction of the stability of an N-Man&h base. For morpholine and piperidine 
Mannich bases the only information required is the pK, of the parent NH-acidic 
(compound. For N-Man&h bases with other amines the pK, and the steric proper- 
ties of the amine component should also be taken into account as has been 
daxxibed. 
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