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Abstract 

The synthesis of methylated tertiary amines (RN( CH3) 2 or R2NCH3) was carried out at low pressure and temperature (P = 0.1 
MPa, TI 160°C) from fatty nitriles, hydrogen and hexamethylenetetramine (HMTA) over a nickel catalyst. HMTA, the 
methylating agent, is both very reactive and selective with the final selectivity depending on the experimental conditions. Indeed, 
over the same nickel catalyst, methyldidodecylamine is selectively obtained at 80-100°C while at 140-160°C dimethyldodecy- 
lamine is the main product starting from dodecylnitrile. These products would result from the reactions of didodecylamine or of 
dodecylamine (issued from the hydrogenation of dodecylnitrile) with methylimine (CH,=NH) or with N-methylmethylimine 
( CH3-N=CH,) formed from the catalytic decomposition of HMTA. 
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1. Introduction 

Fatty aliphatic amines which are important 
intermediates for the preparation of surfactants are 
generally prepared in multistep processes from 
fatty alcohols or acids [ 11. In our laboratory, we 
studied the direct synthesis of dissymmetric ter- 
tiary amines ( R2NCH3 or RN( CH3) 2) from acids, 
esters or nitriles over multifunctional catalysts i.e., 

RC Z N + H2 + “Methylating agent” 

The selectivity of this type of reaction depends 
on the competitive steps of the methylation of the 
primary amine (steps 1 and 2) and of the conden- 
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sation of the same primary amine with the corre- 
sponding imine (step 3) as depicted in Scheme 1. 

The intermediate formation of (RCH*) 2NH has 
been described by Von Braun et al. [ 21 and more 
recently by Greenfield [ 31. 

Generally, methanol is the methylating agent 
[ 41 but the alcohol dehydrogenation reviewed by 
Kliger et al. [5] or Baiker et al. [6] is the rate 
limiting step [ 7,8]. Moreover, water formed dur- 
ing the reaction is a strong catalyst modifier which 
minimizes both the activity and the selectivity 
[ 91. It would be more convenient to use other 
methylating agents. 

In the literature, hexamethylenetetramine 
(HMTA) [ lo], dimethylcarbonate [ 111 or syn- 
gas [ 121 are proposed for these reactions. Among 
them, HMTA which has numerous other appli- 
cations [ 131 is potentially the most accurate com- 
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Scheme 1. 

pound and was recently used for the 
N-methylation of nitriles and amines involving a 
nickel catalyst [ lo]. In our laboratory, we studied 
the reactivity of HMTA with different nitrogen 
compounds over solid catalysts so as to increase 
the selectivity and to determine the substitution 
mechanism as well as the nature of the active sites. 
In this paper, we report the first results obtained 
in the reaction of dodecylnitrile with HMTA over 
a nickel hydrogenation catalyst. 

2. Experimental 

2.1. Catalytic reactions 

The catalytic reactions were carried out at 
atmospheric pressure in a batch reactor with a 
continuous hydrogen flow. Dodecylnitrile 
(Ci iH&=N) and didodecylamine 
( ( C,2H25)2NH) were the reagents. At the start of 
the reaction, methanol or HMTA ( (CH,),N,) 
used as methylating agents were introduced and 
mixed with the N-reagent and the solvent (dode- 
cane). 

The reaction mixture was continuously stirred 
with a magnetic agitation at 800 rpm. Moreover, 
we verified that the activity and the selectivity in 
the hydrogenation or methylation were independ- 
ent of the agitation rate when it was above 600 
rpm* 

The liquid and gas phases were analyzed by off- 
line gas chromatographs respectively equipped 
with capillary columns (SGE-25 QC2/BPl-O.l 
and SGE-25 QC3/BPl-5.0) 

2.2. Nickel catalyst 

The Ni 5256P catalyst (from Engelhard) used 
in these experiments was composed of nickel ( 3 1 
wt%) , nickel oxide (32 wt%), magnesium oxide 
( 13 wt%) and silica (24 wt%) with a surface area 
of 250 m2. g - ’ and a mean particle size of 150 p. 
The solid was reduced with hydrogen at 420°C for 
9 h before each catalytic test. 

3. Results 

3.1. Preliminary study of the reactions of 
methanol or HMTA with amine or nitrile 

In the first part of our work, we determined the 
rate of N-methylation of didodecylamine and 
dodecylnitrile with methanol or hexamethylene- 
tetramine. 

N-methylation of didodecylamine with methanol 
or HMTA 

Results reported in Table 1 show that the N- 
. 

methylation of didodecylamine is faster with 
HMTA than with methanol. 

Indeed with methanol, the methyldidodecylam- 
ine selectivity was around 65% for a 20% conver- 
sion after 45 h reaction. On the other hand with 
HMTA, the selectivity was around 96% at com- 
plete conversion after only 10 h. The rate of N- 
methylation with HMTA was far greater than the 
rate of secondary amine dismutation via: 
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-Hz 
CRCH212m - RCH= N - CHzR (1) (1) 

+H2 

,NH - CHzR 

( I ) + @CH2)2m - RCH (a) (2) 
\ 

NW2W2 

(n)+H2 - RCH#Hz + (RCHM (3) 

Thus the selectivity into RN( CH3) 2 is also very 
low, which is quite in agreement with previous 
results [ lo]. 

N-methylation of dodecylnitrile with methanol or 
HMTA 

When dodecylnitrile was used as starting mate- 
rial, the results presented in Table 2 show that the 
reaction rates are also different with CH30H and 
HMTA. 

Moreover, due to the change of the product 
distribution with reaction time also reported in 
Table 2, we can observe that in the presence of 
methanol, the imine (I) is slowly hydrogenated 
into didodecylamine and enamine [ ( C,2H25)2N- 
CH=CH-C,,H,,] is then obtained from these two 
compounds. These results show that the rate of 
the methylation step with methanol is very slow. 

On the other hand, with HMTA, dimethyldo- 
decylamine is the main product (70%)) and meth- 
yldidodecylamine the main side product (30%). 
In this case, the methylation of primary amine is 
faster than the formation of R2NH (and of R2N- 
CH3). 

3.2. Reaction of dodecylnitrile or of HMTA in 
the presence of a nickel catalyst 

In order to show the effect of HMTA on the 
activity and on the product distribution, we stud- 
ied first the hydrogenation of nitrile and the hydro- 
genolysis of HMTA. 

Hydrogenation of dodecylnitrile 
The activity of the nickel catalyst and the main 

products obtained at 80°C and 140°C in the 
absence of HMTA are reported in Table 3. 

The results show that dodecylamine and dido- 
decylamine are the main products at low temper- 
ature. An increase of the reaction temperature 
from 80 to 140°C significantly changes the reac- 
tion, and didodecylamine is formed with a selec- 
tivity of 95%. At 140°C the rate of condensation 
of the primary amine with the corresponding 
imine is apparently increased significantly com- 
pared to the rate of nitrile hydrogenation; 

HZ H2 
RC=N - RCH=NH- RCHzNH2 

This result is in agreement with those of pre- 
vious work reported in the literature [ 14,151 

Hydrogenolysis of hexamethylenetetramine 
(HMTA) 

This reaction has been studied under the same 
experimental conditions as the hydrogenation of 
nitrile. 

In the absence of the nickel catalyst, the HMTA 
is not transformed. 

In the presence of the catalyst, the results of 
Table 4 show that the HMTA is converted into 
monomethylamine (MMA) , dimethylamine 
(DMA) and trimethylamine (TMA) . (Ammonia 
is also formed during the reaction.) 

Table 1 
IV-Methylation of didodecylamine with methanol or with HMTA 

Methylating Time Conversion Selectivity (%) 
agent of R,NH 

(h) (%) RN(CH,), R2N-CH3 R3N 

CH,OH 1.5 1.4 100 - 
31 17.4 20.6 62.9 15.5 
45.5 19.4 21.6 62.3 16.1 

HMTA 1 25.5 4.5 91.7 3.8 
6.5 96.3 2.4 96.3 1.3 
10 99 2.4 96.3 1.3 

WC,,,= 0.2 g; vc,,,, = 2 ml or w,,,,=7 g; wRzNH= 3.2 g. Vdde_ 
cane =65ml;~H2=21~h-‘;T=1400C. 
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Table 2 
N-Methylation of dodecylnitrile with HMTA or methanol 

Methylating agent t CR,, 

(h) (%) 

Selectivity (S) 

m2 RNH-CH3 RN(CH& ‘imine’ ’ RzNH R2N-CH3 R,N ‘enamine b’ 

CH,OH 1 30 18 - 
I 56.5 2.9 - 

32 79.4 5.8 1.3 
46 99 9 - 

HMTA 1 38 - 15.6 
4 96.7 - 4.8 
7 100 - - 

22100 - - 

14.9 3.2 - 3.9 
82 4.5 0.7 1 8.9 
66 9 1.9 3.9 12.1 

0.8 3.9 81.3 - 5 

43.8 23 8.6 5.2 3.8 
61 0.4 20.2 13 0.3 0.3 
69.4 9.2 21.1 0.3 - 
69.4 30.4 0.2 - 

w,, = 0.2 g; V,,,,, = 2 ml or wmTA = 7.5 g; V,,,, = 3.9 ml. Vdodcsane = 65 ml; FHz = 2 1. h- ‘; T= 14O“C. 
’ C,ZH2sN=CH-C,1H23. 

Table 3 
Hydrogenation of dodecylnitrile 

Temperature Time Conversion of R’CN Selectivity (%) 

CC) (h) (%) ‘imine’ a RzNH R,N ‘enamine’ b 

80 1 90.5 58.3 16.1 17.8 0.4 7.4 
I 100 54.4 44.8 0.8 - 

22 100 50.3 48.3 1 0.4 
140 1 98.6 36.7 2 58.6 1.8 0.9 

7 100 5.4 91.5 3.1 - 
23 100 0.9 95.3 3.8 - 

If the rate of reaction was low at 80°C we 
observed a significant increase at 140°C. Moreo- 
ver the product distribution is also largely modi- 
fied because DMA instead of TMA is the main 
product. In fact, besides the formation of TMA as 
a primary product there must be also the formation 
of MMA, DMA and NH3. We suggest therefore 
that secondary transformations of MMA, DMA 
into TMA occur specially at low temperature. At 
higher temperatures the rates of these reactions 
are different and the selectivity of MMA or DMA 
increases. But at 140°C the development of the 
selectivity with reaction time also shows that there 
is a modification of the catalyst and perhaps a 

decrease of the secondary reactions of MMA or 
DMA into TMA. 

Table 4 
Hydrogenolysis of HMTA 

Temperature Time Conversion 
of HMTA 

(“C) (h) (%) 

Selectivity (%) 

CHJW (CH&NH (CH,),N 

80 1 0.3 100 
7 1.5 - 100 

23 3.6 100 
140 1 1.6 4.5 13.6 81.9 

1 11.4 6.3 30.4 63.3 
22 23.5 8.7 48.5 42.8 
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Table 5 
Transformation of HMTA in the presence of dodecylnitrile 

Temperature Time Conversion 
of HMTA 

Selectivity (8) 

(“C) (h) (%) CH~NHZ (CH,),NH (CH,)SN 

80 1 0.1 _ 100 
7 1 100 

23 2.2 100 
140 1 2.6 21.6 27.9 50.5 

7 13.9 18.7 41.7 39.6 
22 24.8 7.4 47.5 45.1 

w,,,,= 0.2 g; wHMTA = 7.5 g; V,,,, = 3.9 ml; HMTAIR’CN = 3 
(mol). V,,,,,=65ml; F,,=21.h-‘. 

Conclusion 
With these experiments at low temperature 

( 80°C)) the dodecylnitrile is mainly hydrogenated 
into dodecylamine while HMTA is transformed 
into TMA. At 140°C, the didodecylamine is the 
main product and HMTA is converted more rap- 
idly into DMA and TMA. 

3.3. Reaction of dodecylnitrile with 
hexamethylenetetramine 

Hydrogenolysis of hexamethylenetetramine in 
the presence of dodecylnitrile 

From results reported in Table 5, the rate of 
transformation of HMTA at 80°C is not modified 
by the presence of nitrile (see also Table 4) and 
TMA is always the major product. At 14O”C, if 
the conversion of HMTA is also more or less the 
same in the presence of the nitrile, we observe at 
the beginning of the reaction a significant change 
of selectivity. Indeed DMA and especially MMA 
are produced faster in the presence of the dode- 
cylnitrile. It seems that the competitive adsorption 
of nitrile and/or of the reaction products modify 
the secondary reactions starting from MMA and 
DMA. Moreover the selectivity changes with 
reaction time are important (see figure 1) and will 
be discussed later. 

N-Methylation of dodecylnitrile with HMTA 
From results reported in Table 6, we can see 

that at a temperature of 80-lOO”C, didodecylam- 
ine and methyldidodecylamine are the main prod- 

ucts while at 140-160°C dimethyldodecylamine 
is obtained with a selectivity of more than 80%. 

From the general scheme presented in the intro- 
duction for the formation of these amines, we can 
observe that: at 8O”C, in the presence of HMTA, 
the rate of step 3 (of condensation of amine) is 
more significant than the rate of methylation of 
the primary amine (steps 1 and 2). In fact this 
result is due to the very low conversion of HMTA 
and to the small formation of MMA and DMA 
which are the true methylating agents (see also 
Table 5). 

At 140°C we can observe from Table 3 that 
dodecylnitrile was selectively transformed into 
didodecylamine. When the reaction is carried out 
in the presence of HMTA, nitrile is converted into 
dimethyldodecylamine (Table 6). This result 
means that, according to the reaction scheme pre- 
sented above, the methylation (steps ( 1) and 
(2) ) becomes faster than the amine condensation 
(step 3). In fact, the transformation of HMTA 
into MMA and DMA is more significant at 140°C 
than at 80°C and the intermediate primary amine 
is methylated more rapidly. 

The decrease of the nitrile conversion when the 
temperature rises from 80°C to 140°C could be 
also due to the large increase of the conversion of 
HMTA. Indeed the competitive adsorption on 
active sites of HMTA, light amines and nitrile 
could decrease significantly the nitrile coverage. 

If we now compare at a temperature of 140°C 
the changes with reaction time, of the products 
distribution from HMTA (Fig. 1) and from dode- 
cylnitrile (Fig. 2) it seems that: 

1. During the first part of the reaction, MMA 
and/or DMA are consumed both for the methyl- 
ation of the dodecylamine and for the formation 
of TMA. Indeed statistically the decomposition of 
HMTA produces TMA with a molar selectivity of 
25% which would be the maximum value obtained 
(see reactions below). 

2. When the hydrogenation of N-dodecyldode- 
cylimine into didodecylamine occurs, followed by 
the consecutive N-methylation, the relative for- 
mation of TMA and MMA decreases while there 
is a continuous increase of the DMA. It can be 
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Table 6 
N-Methylation of dodecylnitrile with HMTA 

Temperature Time c R’CN Selectivity (%) 

CC) (h) (%I RNH, RNH-CH9 RN(CHL R2NI-I R2N-CH3 Others 

80 1 31.5 
I 99 

23 100 
100 1.5 65.8 

6 100 
23 100 

140 1 38 
6 99 

22 100 
160 1 29.9 

6 86.4 
23 99.6 

31.4 
13.9 

16.3 
1.5 

1.7 
1.2 
4.2 
2.8 

15.6 

- 
18.8 
I 
- 

3.4 
3.3 
7.8 

10.5 
18.5 
21.1 
43.8 
68.3 
69.4 
54.3 
15 
83 

24.3 
64.6 
59.9 
39 
41 

8.8 
8.6 

13 
- 
2.4 
8.4 
5 

4.3 36.6 
10.6 5.9 
24.1 7 
13.1 16.9 
26.5 3.7 
65.6 4.5 

5.2 26.8 
18.4 0.3 
30.4 0.2 

3.3 17.1 
6.3 2.8 

10 2 

w,,.=O.2 g; w,,=l.5 g; VRra=3.9 ml; HMTA/R’CN=3 (mol) V-,=65 ml; F,,=2 l.h-‘. 

The(h) 

Fig. 1. Transformation of HMTA in the presence of dodecylnitrile at 
140°C. 

0 5 10 
Tm(h:5 

20 25 

Fig. 2. Reaction of dodecylnitrile with HMTA at 140°C. 

concluded that MMA rather than DMA is 
involved in the methylation of the secondary 
amine; otherwise the selectivity to DMA and to 
MMA would vary in the opposite way. 

4. Discussion 

We have shown in this work that HMTA can 
act as a methylating reagent of fatty amines and 

that this reaction is catalyzed with a nickel cata- 
lyst. More precisely the catalytic decomposition 
of HMTA forms MMA and DMA which are the 
‘real’ methylating reagents. 

These light amines, TMA and ammonia are 
formed from HMTA via the following reactions; 

7 2 CH3NH2 + 2 (CH3hNH 

(CH2W4 + 6 H2 
3 (CH3hNH + NH3 

3 CH3m2 + (a3hN 

\ CH3NH2 + (CH3hNH + (CH3hN + NH3 

As TMA was the main product at 80°C MMA 
and DMA are also converted into TMA; 

3MMA + TMA + 2NH3 

2DMA+TMA+MMA 

MMA+DMA+TMA+NH3 

On the other hand at 140°C the product distri- 
bution is modified significantly; MMA and DMA 
appear in the gas phase in amounts such that the 
rate of decomposition of HMTA in these products 
is higher thanthe rate of reconversion, especially 
in the presence of nitrile. Among all of these pos- 
sible reactions, it is difficult to propose the pref- 
erential way(s) of HMTA hydrogenolysis. 

Nevertheless if we consider methylamine and 
didodecylamine as reagents, two methylation 
steps can be proposed: the reaction of methyla- 
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/NH-CH2R 
CH&z+RCH=N-CH2R--+RCH 

u 'NH-CH3 
--+WHM-CH3 (4) 

Scheme 2. 

Scheme 3. 

mine with IV-dodecyldodecylimine (RCH=N- 
CH2R) or the reaction of methylimine (resulting 
from the catalytic dehydrogenation of methyla- 
mine) with didodecylamine. However, only the 
second reaction can explain the formation of 
methyldidodecylamine (Scheme 2) as well as the 
formation of methyldodecylamine or of dime- 
thyldodecylamine from dodecylamine and meth- 
ylimine. 

From dimethylamine (and the intermediate N- 
methylmethylimine) , similar reactions lead to 
methyldidodecylamine when didodecylamine is 
the reagent or to methyldodecylamine and dime- 
thyldodecylamine when the reagent is dodecylam- 
ine. However the variation of the MMA selectivity 
observed during the reaction of dodecylnitrile 
with HMTA seems to indicate that the step (6) 
(Scheme 3) is less important than the step (5) 
Scheme 2. 

5. Conclusion 

Methyldodecylamine ( s ) can be prepared from 
the hydrogenation and N-methylation of dodecyl- 
nitrile with HMTA in the presence of a nickel 
catalyst. 

Moreover, it is possible to obtain selectively 
either the methyldidodecylamine at low temper- 
ature (SO-100°C) or the dimethyldodecylamine 
at a higher temperature ( 140-160°C) 

This work also demonstrates that during the 
reaction, hexamethylenetetramine is transformed 
into light amines (MMA, DMA and TMA) and 
ammonia. Two of these amines DMA and espe- 
cially MMA could act as methylating reagents 
(via the corresponding imines) of the intermedi- 
ate dodecylamine and didodecylamine. 
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