STUDIA UNIVERSITATIS BABEŞ-BOLYAI, PHYSICA, SPECIAL ISSUE, 2001

V. ALMASAN, MIHAELA LAZAR, EVA LAURA GANEA

SECONDARY AMINES SPECIFIC LABELED WITH DEUTERIUM


SECONDARY AMINES SPECIFIC LABELED WITH DEUTERIUM

V. ALMASAN, MIHAELA LAZAR, EVA LAURA GANEA

National Institute for Research and Development of Isotopic and Molecular 

Technologies, P.O. Box 700, R-3400 Cluj – Napoca 5, Romania

1. Introduction 

The analyses of structures and qualities of chemical substances is a modern problematic with implications in many research areas. The analysis accuracy is influenced by the utilization of some standard molecules. The specific deuterium labeled molecules have a great advantage because they have the same chemical potential like the natural molecules, but in addition, they differ only by their molecular masses. These kinds of molecules can be used like internal standards, into the MS and NMR analyses. Using these internal standards, the MS research becomes more efficient. Thus, the research laboratories, which undertake chemical synthesis of new drugs, ask for these isotopically labeled molecules for the establishment of analytical methods and the certification of drugs molecular structure and properties.

2. Theoretical aspects

Deuterium labeling, generally, can be done either by H/D isotopic exchange or by chemical synthesis. For H/D isotopic exchange heavy water is used and D2 is used and for the synthesis some smaller molecules with deuterium content. To synthesize big molecules containing deuterium in well-known positions, it is necessary to establish those reaction conditions, which doesn’t allow the reverse D/H isotopic exchange.


The aim of our work is to offer a sure synthesis way to obtain an asymmetrical amine, which contains deuterated ethyl - D5 radical. This amine has the possibility to be further transformed in other bigger molecules, without any risk of losing the deuterium atoms from the molecule. 


The mebamine (4-methoxy (2-aminoethyl) propylbenzene) is a reagent from the class of complexe secondary amines, used as intermediary reagent in the synthesis process of a possible drug, called ‘mebeverine’. To monitor the synthesis process of this possible drug, internal standards are necessary in MS and NMR analyses, to establish the certification methods of the final product. If the method for structural analyses is the mass spectrometry, the introduction of deuterium atoms in molecule is necessary because these give a difference by a few mass units to the resulting ions into the spectrometer ion source. This reveals the importance of the partially specific deuterium labeling of some molecules.
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In the next scheme we will present a method for the synthesis of this possible drug, and also, the role and the stage in which the partially deuterated compound (which is the subject of this work) is involved.
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In accordance with these reactions, the process starts from a commercial reagent (p-methoxy phenilacetone) to obtain partially deuterated mebamine, and in the last stage it is coupled with veratric acid,4-chlorobutylester and finally, a partially deuterated drug, named "mebeverine – D5" is obtained.
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The chemical procedure for the obtaining of mebamine-D5 is led conformingly with the following reactions:
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These reactions take place simultaneously, into an autoclave, to 10-atmosphere pressure, at 90˚C, in the presence of a Pt/C catalyst and under hydrogen atmosphere. Thus a global equation can be written:

(6)

3. Experimental, results and discussions 

An appropriate method to obtain molecules, like mebamine, is the chemical synthesis. Generally, it can be considered that a big molecule is build from another molecular rests, which are coming from the reactants.
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Figure 1. Mebamine – D5 experimental setup

In the particular case of specific deuterium labeled molecule, it is very important to choose the deuterated reagent molecule, which is the supply of the deuterated molecule rest that must have a good chemical stability in the next stages of the chemical synthesis. This synthesis takes place into the experimental setup, presented in figure 1.

Into an autoclave from a nonmagnetic steel was brought slurry of 155 ml (1.01 mol) p-methoxy phenilacetone, 125 ml of 70% m/m solution of ethylamine in water (this is about 102 g, 1.59 mol) and 0.5g of 10% m/m platinum on carbon paste (this contain about 40% m/m dry catalyst and about 60% m/m water). 

The slurry was stirred and the air was removed from the autoclave. The vacuum was replaced by nitrogen. This procedure was repeated three times. The autoclave was brought under vacuum and the vacuum was removed three times by hydrogen. The fourth time the vacuum was replaced by hydrogen until the hydrogen pressure rose to 10 atm.

The stirring was started and the reaction mixture was heated at 90˚C and stirred with a linear speed of at least 1400 cycles/minute. The hydrogenation was started. A drastic stirring is necessary because the mixture is heterogeneous and there are three phases: a solid one (the Pt/C catalyst), a liquid one (the reaction mixture) and a gaseous phase (the hydrogen). The global reaction (6) is composed from three elementary chemical reactions. The first one is the coupling of carbonyl group of p-methoxyphenylacetone with the amine group of ethylamine-D7 forming a hydroxiamine, as it can be seen in reaction (3). The second stage is a water elimination (D2O) shown in reaction (4), and the third stage, as it can be seen from reaction (5), is the hydrogenation of the double bond C=N by a heterogeneous catalyzed reaction. The final result was partially deuterated mebamine- D5. The synthesis time was 10-12 hours and the end of the reaction was reached when the hydrogen pressure remained constant. In this moment, the heating was stopped and the reaction mixture was put out from the autoclave. The reaction mixture was filtered and washed with 50 ml of water. 475 ml of water, 160 ml of toluene and 129 ml of 50% m/m sulfuric acid were added to the filtrate. The mixture was very well mixed and the layers were separated. The toluene layer was washed with 30 ml of water. To the combined water layers was added 125 ml of 50% m/m sodium hydroxide and 390 ml of water. The pH was higher than 12. The water layer was extracted twice with toluene, the toluene extracts were washed with water, and then the toluene was removed by distillation in vacuum. The yield of mebeverinamine was 220 ml with a purity of about 85-90% g/g.

M.S spectroscopy and NMR were used to control the isotopic and chemical quality. An example is the electron impact ionization MS spectrum of our compound (fig. 2).
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Figure 2. The electron impact ionization MS spectrum for mebamine-D5 
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Into the experimental setup shown in figure 1, the hydrogen pressure decay inside of autoclave was monitored. The hydrogen consumption vs. time is a measure of the global reaction evolution. This kinetic approach for the reaction (5) is presented bellow:

[image: image11.emf]p-methoxy phenilacetone 


H


3


C


O


O


H


3


C


O


N


C


2


D


5


H


2


    P


t


/


C


Mebamine


C


2


D


5


N


D


2


/


-


D


2


O




p-methoxy phenilacetone 

H

3

CO

O

H

3

CO

N C

2

D

5

H

2

    Pt/C

Mebamine

C

2

D

5

ND

2

/

-

D

2

O


The reaction rate has the expression:
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Where: ( = platinum surface coverage degree
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   = hydrogen partial pressure
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Because at 9 atm, the platinum surface area is full covered, ( ( 1. In these circumstances, the reaction rate becomes: 
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If we plot the experimental variation of hydrogen pressure vs. time, we obtain the kinetic curve from figure 3 and figure 4 shows the variation of log p vs. time. 
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Figure 3. hydrogen pressure vs. time

Figure 4. log p vs. time

k = 1.5*10-2 atm/min


In this work the kinetics of the total reaction was studied and also the practical reaction conditions were established in order be able to propose a method to get specifically asymmetrically deuterated secondary amines.
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