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By replacing the high natural isotopic abundance atom with one of its isotopes one can obtain isotopic isomer molecules. The importance of these isotopic isomers consists in their structure and chemical properties, which are identical. The differences between molecules are: molecular mass and magnetic nuclear properties. Our work is relating to hydrogen and its stable isotope – deuterium. The isotopic isomers are deuterated molecules, which have one or more hydrogen atoms replaced by deuterium atoms. Deuterated compounds are helpful in molecular structural investigations by Nuclear Magnetic Resonance (NMR) and Mass Spectrometry (MS), or reaction mechanism studies. Thus isotopically labeled molecules become indispensable because the chemical disturbances are lower in the studies of chemical processes. 


The synthesis of these labeled compounds it can be made by one of two paths: 

· the molecules with simple structures will be obtained by isotopic exchange with heavy water or deuterium gas in homogenous or heterogeneous catalyzed reactions; 

· the more complex molecules, are usually obtained by chemical synthesis. In these techniques, deuterated chemical reagents have to be used, depending on the place and the number of hydrogen atoms, which will be replaced.


Some classes of deuterated substances are more or less interesting, depending on their reactivity in chemical synthesis. 


Many drugs are  in the class of superior amines. In the process of chemical drug syntheses it is important to establish an optimal technique for the intermediate and the final products analyses. 


For the successful use of NMR and MS methods, internal standards are needed. The deuterated compounds with a well-known number and molecular position of deuterium atoms are suitable for such internal standards. 


Generally the primary amines are actives and valuables precursors in the synthesis of other more complexes compounds. The ethylamine D7 corresponds to this purpose. The synthesis of ethylamine can be made by ammonium alkylation with Et-X or by catalytic reduction of acetonitrile. For our purpose the most suitable method is the acetonitrile D3 reduction with D2.

There are two methods to obtain the deuterated ethylamine by acetonitrile reduction:

1. Natural acetonitrile catalytic reduction by D2. Two kind of reactions take places over the same catalyst, the CN group reduction and the H/D isotopic exchange of hydrogen atoms from the methyl radical.

2. Acetonitrile D3 catalytic reduction by D2 .  

The first method has a disadvantage: the rate of catalyzed H/D isotopic exchange reaction is lower than the reduction rate of CN group. Thus, the methyl hydrogen is not totally replaced by deuterium. For this reason, the second method was chosen. [1]

The process steps are:

I. The obtaining of  acetonitrile D3
II. The catalytic reduction of acetonitrile with D2.

I The obtainining of acetonitrile D3
The molecular structure of acetonitrile (CH3CN), indicates that a good method for the deuteration is the catalysed isotopic exchange H/D between the natural acetonitrile and a deuterium supply. The chosen donor is heavy water and the reaction is:
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2CH3CN  +  3D2O              2CD3CN  +  3H2O                                  (1)


The CN group is strongly attractive for electrons and mobilizes the CH bonds from the CH3 group. The consequence is an increasing H/D exchange rate for the reaction between acetonitrile and heavy water.


If we note with X, Y the numbers of acetonitrile and heavy water moles respectively, and with x, y the isotopic concentration (in % at. D), the isotopic balance equation is [1]:

1,5X1x1  +  Y1y1  =  1,5X2x2  +  Y2y2



    (2)


The ratio of the numbers of exchangeable atoms between the two reagent molecules is 3/2 = 1.5


At the equilibrium x2 = xe and y2 = ye = xe, and:
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The isotopic exchange constant α is roughly 1, and may be used as such in mathematical modeling. In this assumption, " γ " which is the initial molar ratio of reagents necessary for obtaining of xe, can be calculated: [2]
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Two kinds of H/D isotopic exchange process will be presented: 

1. Each isotopic equilibration stage  uses 99.8% at. D heavy water

2. Different concentrations of waste heavy water are used in earlier stages of the process and in the final stage 99,8% at. D heavy water.

1. The isotopic exchange process can be assimilated with a countercurrent cascade where the product of the first stage is the reagent for the second stage. 

Experimental results are shown in tabel 1.

In this case we have a little number of stages but the heavy water consume is high. Thus, waste heavy water, with isotopic concentration between 50%D – 95%D, with low economical value, results for every stage.

Tabel 1. 

Acetonitrile deuteration using natural acetonitrile and 99,7% at. D heavy water


                                Concentration (% at.D)


     I
    II
   III
   IV
   V
   VI
  VII

 Ac-r
Nat.
50
80
90
95
97
99

 Ac-p
50
80
90
95
97
99
99.5

      (
1.51
2.28
1.55
1.60
1.11
4.29
3.75

2. In the same experimental arrangement the process is started with different deuterium concentration of waste heavy water samples.  The deuterium concentration of the heavy water used in the first step is 65% at. D. In the next steps the deuterium concentration of the used heavy water is rised up to 99,8% at.D. 

Table 2 

Acetonitrile deuteration using waste heavy water


                                   Concentration (% at.D) 


I
II
III
IV
V
VI
VII
VIII
IX

 D2O
65
65
80
90
95
98
99
99.7
99.7

Ac-r
Nat
50
60
75
85
92
96
98
99

Ac-p
-
60
75
85
92
96
98
99
99.5

   (
50
6
4.5
6
3.5
3
3
2.14
3.75


When the isotopic exchange equilibrium is reached on every stage, the reaction mixture must be separated. The separation by distillation is not adequate because, the water and the acetonitrile make an azeotrope. 


Increasing the natrium deuteroxide content in the reaction mixture, the solubility of acetonitrile is diminished until the separation of the mixture in two layers. The upper layer is acetonitrile. In this way, the chemical degradation remains insignificant.

II Catalytic reduction of acetonitrile D3 to ethylamine D7.

The ethylamine D7 is a useful intermediate in the synthesis of some organic compounds specifically deuterium labeled (as mebamine) with five deuterium atoms in well-known positions. 

The reaction of catalytic reduction of acetonitrile D3 to ethylamine D7 is:

[image: image5.bmp]
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The catalytic reduction of acetonitrile can be done even in liquid phase on metal catalyst e.g. – Ni Raney – or in gaseous phase on metal / support catalyst. In this work we present the reduction in liquid phase on metal / support catalyst, more precisely Ni / oxide support catalyst.

The reaction products are: monoethylamine, diethylamine and triethylamine. So, it is very important for the catalyst to have a good activity and a good selectivity too. A good selectivity for the primary amine gives a less complicate separation process of the reaction mixture.

The catalysts were prepared by coprecipitation. The method consists in coprecipitation in aqueous solution of nitrate mixtures of nickel and support metal with natrium carbonate (or natrium hydroxide). The precipitate was washed, dried, calcinated in N2 flow at 350˚C and then passivated by reduction in H2 flow at 350˚C.

The catalysts were characterized by total and active surface measurement. The active surface, respectively the Ni surface, was measured by hydrogen chemosorption at room temperature. Assuming that each metal atom link a hydrogen atom and the Ni cross section area is 6,5Å2 the nickel surface can be calculated from the amount of adsorbed hydrogen.
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Figure 1. The experimental set up for the catalytic reduction of acetonitrile

G – deuterium supply, D – flowmeter, S – CD3CN vapors saturator, 

R – catalytic reactor, T – freezing trap

The catalysts were tested into the experimental set-up shown in figure 1. The hydrogen flow is saturated with acetonitrile vapors at 0˚C. The hydrogen and acetonitrile mixture passing through the catalyst bed in the reactor at 70 ˚C. The catalytic reactor is on line with a gas chromatograph with flame ionization detector, to analyze the reaction products.

The most appropriate catalyst for our purpose in Ni/Cr2O3, which combine the activity and selectivity requested.

The practical conditions to obtain ethylamine – D7 from deuterated acetonitrile were studied for this catalyst. The reduction was made in the same experimental setup (figure 1). The deuterium gas was supplyed by heavy water electrolysis. A deuterium flow of 6-8 l/h was saturated in deuterated acetonitrile at known temperature (stabilized with a thermostat). The deuterium and acetonitrile mixture was passed through Ni/Cr2O3 catalysts ((3.6g) at 80 – 100˚C. The reduction reaction was strongly exoterme, so the catalyst temperature was difficult to control.

In these conditions the acetonitrile was totally transformed in products. Selectivity in monoethylamine was strongly dependent of the saturation temperature.

The results concerning the dependence of the selectivity versus the saturation temperature are presented in table 3.

Table 3 

The dependence of the selectivity versus the saturation temperature

Saturation temperature
MEA %
DEA%
TEA%

18
93.8
4.95
1.25

20
90.7
7.2
2.1

25
84.4
12.5
3.1

30
78.2
16.7
5.1

a25
62.4
23.5
14.1

a – after 400 hours 


The reaction selectivity for ethylamine – D7 is lower when the acetonitrile vapor pressure is high. The reaction takes place on the catalyst surface between the adsorbed species of acetonitrile and deuterium. When the catalyst surface is covered with acetonitrile (high vapor pressure) multiple collisions take place and the results are DEA and TEA.


The aim of our activity is to produce relative big amount of ethylamine – D7 in a  reasonable time. Working at low saturation temperature is not indicated – even if it provides a good concentration of EA – because the reaction rate is very low. In practice we are led to a compromise solution of 25˚C  saturation temperature- which provides a big amount of EA in short time and a good selectivity for EA.


An interesting experimental result is presented in the last row of table 3. The catalyst selectivity for EA is lower after a few weeks. We don’t have yet an explication for this behavior.
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