
403 

Journal of Organometallic Chemistry, 366 (1989) 403-408 
Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

JOM 09673 

The selective preparation of n-propylamines by the rhodium 
catalysed reaction of ethylene and syngas with alkylamines 

M.D. Jones 
B. P. Research Centre, Sunbury-on- Thames (Great Britain) 

(Received November 14th, 1988) 

Abstract 

The aminomethylation of ethylene with a primary amine has been shown to 
provide a highly selective route to n-propylamines; the rhodium catalysed reaction 
of n-propylamine with ethylene and syngas (2/l, Hz/CO) affords di-n-propylamine 
with 98% selectivity (with respect to ethylene). The reaction of amines of the type 
R&NH with the ethylene/syngas mixture and a rhodium catalyst provides a highly 
selective and general route to the n-propylamines RR’NPr (R = Pr, R’ = H; R = t- 
Bu, R’ = H; R = n-Bu, R’ = H; R = CBHIT, R’ = H, R = R! = Pr; R = HOCH,CH,, 
R’ = H, and R = PhCH(OH)CH,, @ = H). 

Amines are important compounds for large scale and fine organic synthesis. 
Together with their derivatives they are employed, in particular, as antioxidants in 
fuel oils, as rubber stabilisers, and in the manufacture of water-impermeable fabrics, 
herbicides, and medicinal drugs [l]. Many methods are known for manufacturing 
amines from a variety of starting materials; the principal methods are the amination 
of alcohols, halogen0 compounds and carbonyl compounds, and the reduction of 
nitriles. 

Ethylene has a well established carbonylation chemistry involving syngas [2], and 
in the presence of rhodium or cobalt catalysts undergoes hydroformylation to 
propanal. Primary, secondary, and tertiary amines can be prepared by the reaction 
of aldehydes with ammonia or amines with cobalt or rhodium carbonyls as 
homogeneous hydrogenation catalysts [3]. This paper describes the remarkably 
selective synthesis of predominantly secondary amines by reaction of an amine with 
an ethylene/ syngas feed. 

Results and discussion 

Several papers have described the transition metal-catalysed reductive alkylation 
of secondary amines by alkenes, carbon monoxide, and water according to eq. 1, 
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Table 1 

Reaction of PrNH, with 13,/CO/C2 H, 

PrNH, (0.15 mmol), EtOH (ho cm’). [RhCI(C0)1]2 (0.04 g, 0.1 mmol) Oi’3i I, HI/C‘O,/C,H,. 59 bar. 
115°C. lh 

Product 
-- _ll____~___.__ .--.-. __.__--..__-~__.__ 

R dectivit); with respect to 

PrN H - C’.H, 

Pr,NH 99 !I>: 

Pr,N 1 2 

L”t Conv. 40 Fh 

referred to as aminomethylation of alkenes [4-81. 

RCH=CH, + 3CO + H,O + HNR’> ---z R(CH,)3NRr, + 2C0, (1) 

A disadvantage of this system is the uneconomic oxidation of carbon monoxide 
to carbon dioxide. via the water-gas shift reaction. Very little work has been carried 
out on systems which use gaseous hydrogen (eq. 2) [9-121. This reaction has the 
advantage that it makes more economic use of carbon monoxide. 

RCH=CH, + CO + 2H, + HNRIL + R(CH, )JR’? + Hz0 (2) 

In initial experiments to assess the effectiveness of reaction 2, 11’,,li-diethylpro- 
pylamine was obtained from the reaction of a 6/3,/l H,/CO/C,H, gas mixture 
with diethylamine in the presence of a cobalt carbonyl catalyst. However. the 
selectivity for tertiary amine formation was rather low (54% with respect to 
diethylamine), and high temperature and pressure (210 o C . 280 !>ar) were necessary. 
Di-n-propylamine is the largest bulk n-propylamine manufactured ica. 11000 t/a in 
the USA}, and so a study was made to investigate the conversion of n-propylamine 
into di-n-propylamine rather than tri-n-propylamine, for which there is little de- 
mand. The results of a typical reaction are summarised in Table I and show that 
[RhCI(CO)J2 catalyses the aminomethylation of ethylene to di-n-propylamine with 
98% selectivity under relatively mild conditions (115” c”, 59 bar). 

The ability of rhodium to act as a catalyst for the synthesis of di-n-propylamine 
from n-propylamine having been established, a study was made of the generality of 
the reaction. Thus, a number of primary and secondary amines were treated with an 
ethylene/syngas mixture and a rhodium catalyst, and Table 2 summarises the 
results obtained. Again the reaction is very selective at converting a primary amine 
into a secondary amine rather than a tertiary amine (eq. 3). t-Butvl-n-propylamine is 

RN& -!“co’c2w4’ 6/‘/!, RNHpr + H2() 
[RhCI(CO)~j2 

obtained with 99.7% selectivity from the reaction of t-butylamine with the ethylene/ 
syngas mixture. and the ethylene conversion is high (757’). Surprisingly. under 
analogous conditions di-n-propylamine is converted into tri-n-propylamine vvith 
100% selectivity: again the ethylene conversion is good (67%). 

The system [RhCl(CO),]JPrNH, catalysed the hydrofor-m?ilatinn of ethylene 
with moderate ethylene conversion (43%) in 1 h. The selectivity for n-propanal 
formation is high (99%). and the only other product detected by GC/MS is the 
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acetal, l,l-diethoxypropane (1%). The fact that the [RhCI(CO),]2,~PrNH1 system is 
an effective hydroformylation catalyst suggests that the aminomethylation reactions 
proceed via an initial hydroformylation of ethylene to give propanal. The con- 
densation reaction of aldehydes with amines to form imines is well documented, and 
a subsequent rhodium catalysed hydrogenation of the carbon-nitrogen double bond 
would afford the n-propylamine, eq. 4. 

C,H, + CO - H? 2-1 EtCHO ““2 EtCH=NR AYhgI% PrNHR 

If secondary amines are alkylated, enamines are believed to be the intermediates 
in the aminomethylation reaction. and it is the carbon-carbon double bond which 
has to be hydrogenated [3]. 

Functionalised primary amines are selectively converted into the n-propylamine 
derivatives under mild conditions. Thus, n-propylethanolamine is obtained with 74% 
selectivity (with respect to ethylene) from the reaction of ethanolamine with the 
ethylene/syngas mixture. Similarly, 2-amino-l-phenylethanol reacts to give 2-( N- 
propylamino)-l-phenylethanol with 90% selectivity. 

Ammonia reacted with the syngas/ethylene mixture in he presence of a rhodium 
cataIyst to give dipropylamine and tripropylamine, but the selectivity for formation 
of these compounds was low, and a number of by-product were detected by GLC. 
These by-products were also formed in the reaction of ammonia with propanal, and 
are thought to be imine polymerisation products 1131. Ammonium carbamate is also 
produced in this reaction, and is presumably formed by reaction of ammonia with 
carbon dioxide, the carbon dioxide being generated in a rhodium catalysed u-ater 
gas shift reaction. eq. 5. 

CO+HzO -+CO,+H, 
CO, + 2NH, ---) NH,CO,NH, (5) 

The results of an assessment of commonly used homogeneous organometallic 
catalysts aimed at establishing the relative merits of individual complexes, are 
summarised in Table 3. These results show that rhodium is the preferred metal, and 
losses of selectivity and conversion were encountered only with a rhodium phos- 
phine catalyst (example 11); interestingly this is a very efficient hydroformylation 

Table 3 

Results of catalyst screening programme 

Catalyst+EtOH (60 cm3)+H2/CO/C,H,, 6/3/l ca. 50 bar, 110°C. Ih 

Example Amine Catalyst (mmol) %C, I-I, Product (selectivity %) 
(0.15 mol) conver- wth respect to C,H, 

sion 

8 PrNH, 
9 PrNHz 

10 BUKH, 
11 BuNHz 
72 BuNH, 
73 PrNH, 
14 PrNH, 

[RhCI(CO) ?( p-toluidine)] (0.3) 55 Pr,NH (98). Pr,N (2) - 

WCl(C0) z 12 (0.09) 56 Pr, NH (98) 
[RhCI(COT) z ] 2 (0.07) SX BuNHPr (100) 
[RhH(CO)(PPh,),] (O.O3)+PPh, (0.2) 29 BuNHPr (60) 
[Co,(CO),] (1.96)+PBu, (3.95) 0 
[RuC12(PPh,),] (0.09) I) 
[IrCI(COD)] L (0.1) 0 

__I_x_ 
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Table 4 

Reaction of Et,NH with H,/CO/C2H,/C2H, 

Et,NH (9.7 mmol), toluene (25 cm3), [Rh,(CO),,] (0.05 g, 0.05 mmol), H,/CO/C,H,/C2H, 
(61/20/3/3), 8.8 bar, 60°C, 3h 

Product %selectivity with 
respect to C, H 2 

F; 
Et ,NCCH=CH, 27 

0 
II 

Et,NCCH,CH,NEt2 73 

% Conv. of C,H, 17 

catalyst [2]. With regard to the cobalt carbonyl catalyst, which was only active at 
very high temperatures and pressures, it should be noted that strongly basic amines 
are regarded as catalyst poisons for cobalt catalysed hydroformylation reactions 
owing to the formation of ]BH]+ [Co(CO),]- salts [3]. 

A brief study was made to see if acetylene could be carbonylated in the presence 
of a secondary amine, and the results are summarised in Table 4. Two acetylene 
derived products were obtained, N-diethyl acrylamide and the amide [l], presuma- 
bly formed by a Michael addition of diethylamine to the acrylarnide, equation 6. 

8 

HC=CH + CO + NHEt z Rh\ Et ,N;CH=CH, 

Michael 
addition 

Et ,NH 

(6) 

R+ 
Et,NCCH,CH,NEt, [l] 

Interestingly no ethylene derived products were observed by GC/MS. 

Conclusions 

The rhodium catalysed aminomethylation of ethylene in the presence of H/CO 
(2/l) and an alkylamine produces n-propylamines with good selectivity under mild 
conditions. However, ammonia is not a suitable nitrogen source for these reactions 
due to carbamate formation. 

Experimental 

1. Equipment 
All of the reactions were carried out in a 300 ml (nominal volume) stainless steel 

autoclave. The autoclave was equipped with a magnedrive stirrer, cooling coil, and a 
facility for collection of gas samples. 
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Breathing apparatus was used whilst loading and discharging autoclaves because 
of the toxic nature of alkyl amines and carbon monoxide. The procedure was similar 
in all cases. The catalyst, amine, and solvent were charged to the autoclave. which 
was then purged with carbon monoxide, then pressurised with the reactant gas. and 
heated to the required temperature. 

Once the reactions were complete. the mixture was cooled to ambient tempera- 
ture and the gas and liquid phases were fully analysed. Results and reactor charges 
are summarised in Tables 1 to 4. 

3. Drfinitiom 
The reaction time refers to the time period during which the autoclave is at the 

selected reaction temperature. Selectivity is quoted in R molar terms with respect to 
one of the reactants. 

4. Product Arzu&ws 
AI1 liquid products were analysed by GC/MS or by GLC using a Pye Unicsm 

4500 instrument equipped with a FID detector. Analyses were performed with a 
6 x 2 mm ID column packed with Chromosorb 103. using a temperature pro- 
gramme (120 o C. 3 min, rise to 225 “C at 6 o C/min, 225 a C. 25 nlin). Gas analyses 
were carried out using I Pye Unicam 4500 instrument equipped [tit11 a thermal 
conductivity detector and a 6’ x 3 mm ID column packed vr-ith Porapak Q. ‘The 
chromatographs were temperature programmed (85°C’. 4 min. rikc to lOSo< at 
X”C/min. 105°C’. 8 min). 
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