Available online at www.sciencedirect.com

scleuce@nlnec'ro

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

z
=]
2
m
o
<
=
>
b

G

ok

ELSEVIER Journal of Molecular Catalysis A: Chemical 239 (2005) 180-184

www.elsevier.com/locate/molcata

Hydroaminomethylation in thermomorphic solvent systems
Arno Behr®, Reina Roll

Lehrstuhl tir Technische Chemie A, UniveediDortmund, Emil-Figge-Str. 66, D-44227 Dortmund, Germany

Received 7 February 2005; received in revised form 7 June 2005; accepted 14 June 2005
Available online 20 July 2005

Abstract

The rhodium catalyzed hydroaminomethylation of 1-octene with morpholine has been studied using temperature-dependent solven
systems (TMS systems). High conversions of the olefin and high selectivities to the amines are obtained in TMS systems consisting o
propylene carbonate, an alkane and a semi-polar mediator, although some morpholine reacts with propylene carbonate in a side reactic
With N-octylpyrrolidone as mediator the conversion of 1-octene and the selectivity of the corresponding amines reached in each time
92%. After the reaction the catalyst can be easily recovered by a simple phase separation with only a negligible loss of the rhodium
catalyst.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction polar catalyst-phase. This mass transport limitation leads to
a deceleration of the reaction and to very low yields.

Various amines can be synthesized in a simple, efficient  Therefore, we developed a new recycling concept combin-
and atom-economic way by performing a hydroaminomethy- ing the advantages of a reaction in single-phase systems by
lation reaction. The hydroaminomethylation is a one pot- overcoming typical mass transportlimitations with the advan-
reaction consisting of three consecutive steps: In the first tages of a convenient catalyst recycling in two-phase systems
step, a hydroformylation of an olefine is performed followed [9,10]. The use of temperature-dependent or thermomorphic
by the reaction of the resulting aldehyde with a primary or multi-component solvent systems (TMS systems) allows to
secondary amine to give the correspending enamine or imine.perform a reaction in a single-phase at a high reaction tem-
At last this intermediate is hydrogenated to the desired sec-perature followed by a phase split at a lower temperature.
ondary or tertiary amine (sdég€g. 1) [1-7]. The TMS systems consist of a polar solvent (s1) and non-

In most cases, rhodium salts or complexes are used agolar solvent (s2) which show no or at least only very poor
catalyst. The recovery and reuse of the expensive metal catasolubility for each other. In one of these components the cat-
lyst is one of the most important difficulties in homogeneous alyst is dissolved and the other one acts as extraction agent
catalysis. One concept to overcome this problem is to usefor the reaction products. A semi-polar solvent s3 operates as
multi-phase systems, where the catalyst is dissolved in onemediator for the two other solvents. Dependent on the compo-
phase and the product is located in the other phase. Technicasition and the temperature a mixture of s1, s2, and s3 is either
applications for this principle are the RuhrchemiedRé- homogeneous or heterogeneous. In the phase diagram, the
Poulenc process and the production eblefins via the operating point describes the composition of the solvent sys-
SHOP-procesB]. However, the concept is limited to lower tem appropriate for the reaction. The miscibility gap between
olefins because of the low solubility of higher olefins in the s1 and s2 which describes the extent of the heterogeneous

sphere of the solvent system is temperature depending and

* Corresponding author. Tel.: +49 231 755 2310; fax: +49 231 755 2311. decreases usually with rising temperatifg(2). The reac-
E-mail addressbehr@bci.uni-dortmund.de (A. Behr). tion can be carried out in one homogeneous phase and after
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Fig. 1. Reaction steps of the hydroaminomethylation.

cooling down the product mixture the catalyst can be easily  As test reaction, we investigated the hydroaminomethyla-
recovered by a simple phase separation. tion of 1-octene with morpholind~{g. 3).

The concept of TMS systems was successfully appliedto  The TMS systems were determined by cloud titrations at
the isomerizing hydroformylation of trans-4-octejid,12] different temperatures from 25 to 100. To a mixture of PC
and to the cooligomerization of fatty acids with ethylene and s2 the mediator s3 was added until a homogeneous solu-
[13,14] tion was obtained. The phase behaviour of the TMS system

PC/dodecane/NEP is shownHig. 4.
The system is exceptionally temperature-dependent; the
2. Results and discussion miscibility gap is getting smaller with increasing tempera-
ture. With the other pyrrolidones the required amount of s3

As the hydroformylation is the first step of the reaction, is getting smaller with increasing length of the alkyl chain at
TMS systems, which were used in the isomerizing hydro- the pyrrolidone and the decreasing polarity of the mediator
formylation of trans-4-octene, should be applicable to the involved:
hydroaminomethylation as well. For this reason propylene  N-methylpyrrolidone (NMP) N-ethylpyrrolidone (NEP)
carbonate (PC) was chosen as polar solvent for the catalyst-N-cyclohexylpyrrolidone (NCP) N-octylpyrrolidone
and alkanes (an isomeric mixture of dodecane-bexane) (NOP).
were used as non-polar component s2. 1.4-Dioxane, N-benzylpyrrolidone (NBP) is one exception, because
different pyrrolidones N-methylpyrrolidone (NMP), N- when this solvent is used, great amounts (>80% of
ethylpyrrolidone (NEP),N-cyclohexylpyrrolidone (NCP)  the mixture) of solvent are required. Therefore, no fur-
N-benzylpyrrolidone (NBP) anil-octylpyrrolidone (NOP)) ther experiments were performed with NBP. The tem-
or esters of lactic acid (ethyllactate and butyllactate) served perature dependence is decreasing in the same order:
as mediator s3. NMP >NEP >NCP > NOP (sefig. 5).

semi-polar solvent

s3 s3

@® Operating point

single-phase single-phase

two-phases
polar solvent non-polar solvent s1 s2
s1 s2
at reaction temperature T1> T2 at room temperature T1 < T2

Fig. 2. Principle of temperature depending multi-component solvent systems.



182 A. Behr, R. Roll / Journal of Molecular Catalysis A: Chemical 239 (2005) 180-184

CO/H,
[Rh(cod)CI],

_—

ANNNE H M/_\O

b
w@o

+H,0

Fig. 3. Hydroaminomethylation of 1-octene with morpholine.

As NMP and NEP are not completely miscible with dode- immiscibility of the mediator and the polar phase with the
cane at lower temperatures a second miscibility gap betweenproduct phase can be used for a convenient recovery of the
pyrrolidone and the non-polar phase occurs in the TMS sys- catalyst.
tems PC/dodecane/NMP and PC/dodecane/NEP. These sol- To determine the appropriate composition of the solvent
vent systems pass from a system with a closed miscibility mixture for the reaction also the influence of the educts 1-
gap (with a complete binodal curve) to one with an open octene and morpholine was measured by repeating the cloud

miscibility gap at room temperature (compdiig. 4). This

N-ethylpyrrolidone (NEP)
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Fig. 4. Thermomorphic solvent system PC/dodecane/NEP.
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Fig. 5. Required weight ratio PC/dodecane/s3 =dfdr.different mediators
s3; *PCh-hexane/1.4-dioxane = 1:0.55x is the required weight to obtain
miscibility of the system).

titrations with addition of these substances. While the addi-
tion of 1-octene has almost no effect on the TMS systems
the addition of morpholine leads to a decrease of the mixing
gap (sed-ig. 6). A smaller amount of s3 is needed to obtain a
homogeneous system because morpholine itself is semi-polar
and can be used as mediator.

The application of morpholine as s3 was studied in a fur-
thertestrun. Inthis case, aweight ratio of PC: dodecane: mor-
pholine of 1:1:2.6 is required to get a clear solution at@0
(seeFig. 5. The TMS system PC/dodecane/morpholine
shows strong temperature dependence. With 1.4-dioxane
and the lactates smaller amounts of s3 are necessary, for
example a weight ratio of 1:1:1.7 in the TMS system
PC/dodecane/butyllactate. The lactates show the same ten-
dency as the pyrrolidones: with increasing chain length and
polarity both the amount needed to get a homogeneous phase
and the temperature dependency of the solvent systems are
decreasing. Similar to the systems with NMP or NEP as s3
the TMS system PC/dodecane/ethyllactate changes from a

’ B 80°C with educts
O 80°C without educts

0,25
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Fig. 6. Influence of the educts 1-octene and morpholine on the TMS system
PC/dodecane/NMP.
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Table 1

Hydroaminomethylation of 1-octene and morpholine in different thermomorphic solvent systems

Solvent system Conversion 1-octene [%] Amine selectivity [%)] n/iso TON TOF [h Y] Rh loss [%)]
PC 97 71 2.0:1 970 485 -
PCh-hexane/1.4-dioxane 1:0.55:1.3 97 96 1.4:1 970 485 0.7
PC/dodecane/NMP 1:1:2.65 95 68 3.0:1 950 475 0.4
PC/dodecane/NOP 1:1:0.85 92 92 1.6:1 920 460 1.5
PC/dodecane/NEP 1:1:1.2 97 78 2.1:1 970 485 11
PC/dodecane/morpholine 1:1:2.8 98 69 1.8:1 980 490 0.4
PC/dodecane/ethyllactate 1:1:1.5 79 50 2.1:1 790 395 0.9
PC/dodecane/butyllactate 1:1:1 82 60 1.7:1 820 410 0.8

Reaction conditions: 0.1 mol % [Rh(cod)gbased on 1-octene, morpholine/1-octene 1.5:1, 8 bar CO, 39hHd”B8°C, 2 h, stirrer velocity 1000 rpm.

system with a closed miscibility gap to a system with an The rhodium loss to the product phase was investigated by
open mixing gap at room temperature. In all cases a smallerlCP-OES spectrometry. In all cases very low catalystleaching
amount of s3isrequired, when the educt morpholine is added,can by observed, less than 1.5% of the rhodium is extracted
because of its semi-polar nature. (Table ). The catalyst loss can be correlated to the polarity
The hydroaminomethylation of 1-octene and morpholine and the solubility of the mediator s3 in the product phase s2.
was carried out in PC as a single-phase and in the TMS sys-The less polar s3, the more s3 is dissolved in s2 and the more
tems described above. PC and s2 were used in a weight raticatalyst is lost.
of 1:1 and an appropriate amount of s3 was added to get
a homogeneous phase at reaction temperature. As catalyst
[Rh(cod)CIp was used without any further ligand. The results
obtained are shown ifable 1
In all cases a high conversion of 1-octene can be observed,
itreaches alevel up to 98% after 2 h at 25 The selectivity
to the amines is also very high with up to 96% in the TMS
system PGi-hexane/dioxane. Without using a ligand only
very smalln/isoratios can be observed, none of the regioiso-
mers is clearly preferred under the given reaction conditions.
The product can be found in both phases with the distribu-

tion depending on the mediator. The more polar solvent s3 line and PC, thus requiring in future work a more stable polar

the more of it and of the product is located in the catalyst ; . : L
: solvent. Without use of a ligand almost no regioselectivity
phase. Only very small amounts of the possible byproducts: ? .
is observed. After the reaction and cooling down the reac-
nonanal, nonanol ar-octane can be detected.

) : : . . tion mixture, the catalyst can be easily recovered by a simple
However, an undesired side reaction is observed: hase separation. The rhodium leaching to the product phase
morpholine-4-carboxylic acid 2-hydroxy-1-methyl-ethyl P P ' 9 P P

ester is formed by the reaction of PC and the educt morpho-Is very low.

line via an attack of the nitrogen atom of the morpholine

on the carbon atom of the carbonate group. By use of 1.4-

dioxane or the pyrrolidones as mediator s3 about 30-45%4. Experimental

of the morpholine is consumed by this side reaction. The

product of this reaction stays in the PC phase and cannot be4.1. Materials

extracted to the non-polar product phase. The consumption

of the morpholine leads to a lower selectivity to the desired  1-Octene (99+%), morpholine (99+%) and the solvents
amines. Thus, PC has to be substituted by other polarpropylene carbonate (99.5%), dodecane (tech.), 1.4-dioxane
solvent (e.g. water, methanol or ethylene glycol) in future (99+%), n-hexane (95%)N-methylpyrrolidone (99%)N-
experiments. The lactates can react with the morpholine, too:ethylpyrrolidone (98%)N-cyclohexylpyrrolidone (99%)\-

first they are cleaved into lactic acid and the corresponding benzylpyrrolidone (97%) and ethyllactate (97%) were sup-
alcohol and then the resulting acid reacts with the amine to plied from Acros Organicd\-octylpyrrolidone (>98%) and
the corresponding amide. Overall, the hydroaminomethyla- butyllactate (97%) were purchased from Fluka. All com-
tion in the TMS systems PC/dodecane/lactate results in apounds were used without further purification. The reac-
conversion of 1-octene of about 80%, but only in selectivities tions and handling were done under dry argon using stan-
to the amines of 50-60%. The TMS systems determined dard Schlenk tube techniques. The catalyst [Rh(cod Wil

for the hydroaminomethylation can also be used for the received from Umicore AG & Co. KG, Carbon monoxide
hydroformylation, where the side reaction with the amine (3.7) was obtained from BASF and hydrogen (5.0) from
cannot occur. Messer Griesheim.

3. Conclusion

The hydroaminomethylation of 1-octene with morpholine
can be performed in various thermomorphic solvent systems
consisting of propylene carbonate (PC), an alkane and a semi-
polar mediator. High conversions of 1-octene up to 98% after
2h at 125 C and good selectivities to the amines up to 96%
can be achieved. However, the use of these TMS systems is
limited by the occurrence of a side reaction between morpho-
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4.2. Determination of temperature-dependent connected with an auto-sampler. 1-octanol was used as an
multi-component solvent (TMS) systems internal standard. ICP-OES analysis was carried out on a Iris
Interpid DUO ER/S (Thermo Elemental, USA).

The TMS systems were determined by performing cloud
titrations. 0.6 g of a mixture of propylene carbonate and the
alkane (5:1, 3:1, 1:1, 1:3, 1:5 wt. ratio) was transferred into a Acknowledgements
5ml centrifuge glass and warmed in a silicone oil bath under
intense stirring. After having reached the desired temperature  We are very grateful to Umicore AG and Co. KG for the
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is formed. Bundesministeriumifr Bildung und Forschung (ConNeCat-
project “smart solvents—smart ligands”) and the “Fonds der
4.3. Hydroaminomethylation Chemischen Industrie” for financial support.

In a typical experiment 3 mg (0.006 mmol) of the cata-
lyst [Rh(cod)CIp, 0.673 g (6 mmol) 1-octene and 0.7839¢g References
(0.9 mmol) morpholine were_dlssolved in 14 g of the solvent [1] P. Eilbracht, L. Birfacker, C. Buss, C. Hollmann, B.E. Kitsos-
PC or 14 g of the solvent mixture of PC/alkane/s3, respec- Rzychon, C.L. Kranemann, T. Rische, R. Roggenbuck, A. Schmidt,
tively. The reaction mixture was saturated withargonandthen  chem. Rev. 99 (1999) 3329-3365.
transferred into an evacuated 70 ml stainless steel autoclave[2] A. Seayed, M. Ahmed, H. Klein, R. Jackstell, T. Gross, M. Beller,
from Parr Instrument company (USA). After reaching a tem- Science 297 (2002) 1676-1678.
perature of 125C the reaction was started by pressurizing 3] ?2-5Az:2h(;?)§?'1€éfff{gg’1: - Jackstell, M. Beller, J. Am. Chem. Soc.
the vessel with 8 bar carbon monoxide and 38 bar hydrogen (4; 1. Rische, p. Eilbracht, Synthesis 11 (1997) 1331-1337.
to a total gas pressure of 46 bar. The autoclave was leftfor 2 h [5] T. Rische, B. Kitsos-Rzychon, P. Eilbracht, Tetrahedron 54 (1998)
at 125°C and a stirrer velocity of 1000 rpm. The reaction was 2723-2742.
ended by rapidly cooling down the mixture to room temper-  [6] 2-5 5‘56%%9' L. Barfacker, P. Eilbracht, Eur. J. Org. Chem. 3 (1999)
ature. Th.e carpon mOhOXId_e and the hydrogen Were vented [7] A. Behr, M. Fiene, C. Buss, P. Eilbracht, Eur. J. Lipid Sci. Technol.
and the biphasic reaction mixtures were separated in a sepa-" 10, (2000) 467-471.
rating funnel. Samples of the catalyst phase and the product 8] B. Comils, W.A. Herrmann, Applied Homogeneous Catalysis with
phase were taken and analyzed by gas chromatography with ~ Organometallic Compounds, 2nd ed., vol. 1-3, VCH, Weinheim,
1-octanol as internal standard and toluene as solvent. The  2002.

: - _ [9] A. Behr, N. Toslu, Chem. Ing. Tech. 71 (1999) 490;
catalyst leaching was determined by ICP-spectrometry. A. Behr, N. Toslu. Chem. Eng. Technol. 23 (2000) 122.

. o [10] A. Behr, C. Fangewisch, Chem. Ing. Tech. 73 (2001) 874;
4.4, Analysis and product characterization A. Behr, C. Fangewisch, Chem. Eng. Technol. 25 (2002) 143.
[11] A. Behr, D. Obst, B. Turkowski, J. Mol. Catal. A: Chem. 226 (2005)

Routine gas chromatographic analysis was carried out 215

on a HP 6890 instrument (Hewlett-PaCkard GmbH. Wald- [12] A. Behr, G. Henze, B. Turkowski, D. Obst, Green Chemistry,
! accepted for publication.

bronn, Germany) equipped with a Fl-detector and a HP-5 131 A" Benr, C. Fangewisch, J. Mol. Catal. A: Chem. 197 (2003)
capillary column (30 m, coating 5% diphenyl-95% dimethyl- 115.
polysiloxane, diameter 0.25 mm, film thickness 0.25), [14] A. Behr, Q. Miao, J. Mol. Catal. A: Chem. 222 (2004) 127.



	Hydroaminomethylation in thermomorphic solvent systems
	Introduction
	Results and discussion
	Conclusion
	Experimental
	Materials
	Determination of temperature-dependent multi-component solvent (TMS) systems
	Hydroaminomethylation
	Analysis and product characterization

	Acknowledgements
	References


