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Organo-zincate molten salts as immobilising agents for
organometallic catalysis
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The combination of Ir-butyl-3-methylimidazolium chloride with Znglaffords ionic mixtures with different melting point tempera-
tures depending on the zinc molar fraction. Ry@Ph)3 immobilised in the low melting mixture (60C) promotes the 1-hexene hydro-
genation (turnover frequencies up to 44 rTﬂ'r) and the recovered solid catalyst phase can be reused several times.
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1. Introduction 2. Experimental

2.1. General
Molten salts (“ionic liquids”) are emerging as a new, sim-
ple and efficient class of immobilising agents for transition- All manipulations were performed under dry, oxygen-

metal catalyst precursors [1-3]. Among these melts, tho&g€ argon using standard Schlenk tube techniques. All sol-
that are liquid at room temperature, in particular 1,3/€nts were dried over suitable desiccant agents and distilled

dialkylimidazolium cations associated with anions such &4der argon prior to use. Infrared (nujol mulls or KBr pel-

i _ lets) spectra were recorded in the 4000-400tnegion us-
AICl,, BF, and PF, have been successfully used as thlgg a Mattson 3020 FTIR spectrophotometéH and13C

“mobile phqse” for the biphas?c trangition-meta!—catalys H} NMR spectra were recorded at 200.13 and 50.32 MHz,
hydrogenatlons,hydroformylatlons,ollgomerlsatlons,telorirb-spectively, using a Varian VXR-200 instrument. Proton
erisations, oxidations, cross-couplings, etc. [1-3]. One ghq carbon shiftss( (ppm), J (Hz)) are positive down-
the greatest advantages of these immobilising agents is #fafd relative to external SiMg Elemental analyses were
ease of catalyst recycling and product isolation. Indeed, tbarried out by the “Central Analitica IQ/UFRGS” (Porto
products can be separated from the ionic catalyst solutidiegre, Brazil). The metal content in the organic phase was
by decantation, extraction with organic solvents or distilladetermined using a Perkin—Elmer 2380, HGA 400, atomic
tion. Transition-metal catalyst precursors can also be irdbsorption spectrometer with graphite tube atomiser and
mobilised in molten salts with melting point temperaturedUto sampler. Calorimetric experiments were carried outin a
just above room temperature. In these systems the produ490 PL-DSC, under nitrogen, with the heating rate varying

can be “poured off” from the solid catalyst medium at roorﬁom 1o 10°C. Mass spectra were obtained on a GC/MS

himadzu QP-5050 (El, 70 eV). The substrate conversions
temperature. Although these systems have great potenfia N
. S ) ~_and product selectivities were analysed by gas chromatogra-
for technological applications, they have been investigat

) _ 5 y on a Varian 3400 CX chromatograph equipped with an
in f?W cases [4-7]. We W'S_h FO repprt here t_hat the combling100 column (20 mx 0.25 mmx 0.2 um), equipped with a
nation of 1n-butyl-3-methylimidazolium chloride (BMI.Cl) F|p detector; N was the carrier (1 ml/min); the temperature
with controlled amounts of zinc dichloride (Znglaffords program was from 35 (5 min) to 26C (15 min) at a heating
ionic mixtures with different melting point temperatures derate of 1°C/min, using cyclohexane as internal standard.
pending upon the zinc molar fraction. The Rp@Ph)s The organic compounds were characterised by CG-MS and
compound immobilised in these ionic mixtures promotes they comparison of their CG retention times with those of au-
hydrogenation of 1-hexene, typically via two-phase cataljoentic samples (Aldrich).

sis. Upon cooling the reaction mixture, the products can be )

separated from the ionic solid catalyst phase by simple filtra:2- Materials

tion and the recovered catalyst ionic solution has been reusedrhe RUCH(PPHy)s was prepared according to a method

seven times. described in the literature using reagents obtained from
* To whom correspondence should be addressed. commercial sources [8]. 1l-hexene was distilled under ar-
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gon and stored over molecular sieves (3 A). The 1-butyl-Bosition, yields a pale-yellow viscous liquid that solidifies
methylimidazolium chloride was prepared according to liteen standing.
ature procedures [9] and commercial zinc chloride was dried The physical-chemical properties of these ionic mixtures
by benzene azeotropic distillation and stored under argatepend upon their composition, as can be seen in table 1.
All other chemical were obtained from commercial sourcégne different observed melting points can be attributed to the
(Aldrich or Across) and used as received. formation of different chlorozincate anions such as ZnCl

_ _ ZnClE~ and ZnCE~ similar to the well-known chloro-
2.3. Preparation of the BMI.CI/ZnCl, mixturesand catalyst  g|uminate imidazolium molten salts [10]. It is also appar-

immobilisation ent that these anions interact through hydrogen bonds with

lonic organo-zincate mixtures were prepared by mixing]e aromatic imidazolium hydrogens. In particular, the H2

appropriate amounts of solid BMI.CI and ZnQver argon ndergoes an upfield shift (from 9.05 to 8.73 ppm) with the
and then heated at 10@, under efficient stirring, until com- augmentation of the zinc chloride concentration. Moreover,

plete dissolution of the solid reagents. Alternatively, the ydrogen bond interactions are evident by the appearance of

could be obtained by adding acetone or acetonitrile to t émds in the 3050-3150 cth region n the IR spectra of
solid reagents and then stirring the mixture for 1 h, followe ese mglts. Note that C—H .stretch|.ng at_ 30636’“1“9_

by organic solvent distillation under vacuum. In both casetao, the .|m|dazollum hydrogen mterac.tlon V.V'th free_chlonde,
pale-yellow viscous ionic liquids were formed that solidifie@" disappears when the molar ratio of imidazolium chlo-
on standing. ride/zinc dichloride is 1. This behaviour is similar to those

Catalyst ionic solutions were obtained by adding the po\B_bserved with the analogous organo-aluminate imidazolium
dered ruthenium complex to a molten organo-zincate mif€!ts [11-13].
ture in a Schlenk tube under argon. The mixture was then )
left stirring, above the mixture melting point temperature>-2- 1-hexene hydrogenation

until complete dissolution of the ruthenium complex. . ]
The interaction of the complex RuffPPh)3 (96 mg,

2.4. Typical procedure for the hydrogenation reaction 0.1 mmol) with 3 ml of the ionic mixture BMI.Cl/ZnGlI
(0.33 ZnCh molar fraction) produces a stable brown-red so-

The catalyst ionic solution was transferred into the aut@ition from which the transition metal complex is not re-

clave (130 ml internal volume, 4.6 cm of internal diametefgved by organic solvents.

and 8.0 cm of length) under argon. The substrate (10 ml, The quantitative hydrogenation of 1-hexene (80 mmol)

80 mmol) was introduced and the reactor was pressurisgels observed after 18 min at 60 and 25 atm of hydro-

with hydrogen at the desired temperature and stirring (SOgen pressure, achieving a turnover frequency (FOfnol

350 rpm) was started. For the reaction, a well-stirred systg§phexane/mol of Rux min) of 44 mirL. It is important to

is required, since the mass transfer between the phases iggf@ that this activity is in the same magnitude of those ob-

important parameter in these systems (in the absence of sfifined changing the organo-zincate melt by BML,Bésing

ring the consumption of hydrogen is completely stoppetthe same ruthenium complex and reaction conditions (TOF

The consumption of hydrogen was monitored by the drop gf 38 min-1). The ionic catalytic solution solidifies upon

the reactor pressure. The reaction was stopped after cffjp|ing to room temperature and the product is separated by

plete hydrogen consumption. By cooling the reaction mixjmpie filtration. The recovered ionic solid was reused five

ture, the ionic phase containing the ruthenium complex sgmes without showing any changes in its catalytic activity.

lidified and the organic phase, which contains the produciggeeq, using the same amount of substrate, 100% conver-

was separated by filtration and analysed by gas chromagQs, \yas achieved in all cases at comparable reaction times

graphy. In cases where the ionic phase was reused, this R{Q-can be seen in figure 1. The total amounts of 1-hexene
cedure was carried out under argon and the metal content in

the organic phase checked by atomic absorption analysis. Table 1
Physical-chemical properties of imidazolium chloride/zinc dichloride ionic
mixtures.

3. Resultsand discussion Composition  Melting point H2 chemical Wavenumber (dfm

3.1 Preparation of ionic mixtures (ZnCl, mol%) temperature  shift (ppm  relative aromatic C—EK™
(°C) relative to stretching
The association of 1-butyl-3-methylimidazolium chloride CD3CN)
and zinc chloride, as shown in scheme 1 for 50 mol% com- 0.80 84 8.73 3149 3116 3097
. s 0.75 105 8.74 3149 3116
4 5 R
— 0.64 78 8.74 3148 3113
NON. L NeN L 0.50 9 882 3147 3110
107N NN Alh 0T N YT 0.32 60 898 3140 3099 3061
c® 2@ 0.26 64 8.99 3141 3100 3061
0.19 76 9.03 3140 3063
0.00 69 9.05 3063

Scheme 1. Organo-zincate molten salt synthesis.
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26.0

. . used as solvents for classical ruthenium complex cataly-
% . sis, showing similar behaviour to the well-known 1-butyl-3-
2 2204 . methylimidazolium tetrafluoroborate ionic liquid. By cool-
'g . . ing the two-phase system at the end of the reaction, the ionic
£ 18.0 . " solution solidifies, improving the separation of the organic
c . ", product.
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Figure 1. Hydrogen consumption in the first two recycling processes of the
catalytic active ionic solution using 1-hexene as substrate.
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