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Abstract

A new type of asymmetric heterogeneous catalysts is presented, together with results obtained in the enantioselective hydrogenation of
ethyl pyruvate and acetophenone. Tdatalysts are prepared by usitechniques derived from the surface organometallic chemistry on
metals (reaction between a supported and a reduced transitiah caglyst with an organometall@ompound). In the hydrogenation of
acetophenone employing Pt-based catalysts, the presence of the organotin promoter notably enhances the chemoselectivity to phenylethan
(the desired product) in all cases. The enantioselective hydrogenation of acetophenone afforded an excegspbktidethanol, with an
enantiomeric excess (ee%) value of around 20% and a selectivity over 97%. Reusing of the catalysts is possible, keeping the selectivity anc
the ee% values.
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1. Introduction recovery and the possibility of reusing the heterogeneous
ones[2]. Another approach, especially related to hydro-
The production of enantiopure compounds is becoming genation processes, is the one in which a chiral auxiliary
more and more importantin the field of pharmaceuticals, fla- in solution is contacted to a heterogeneous metal cata-
vors, fragrances, and agrochieal agents; thus, several in- lyst, in order to modify the enantioselectivity of the sys-
dustrial processes using asymmetric catalytic reactions havetem. To this category belong the classical systems com-
been developefil]. Most of these processes comprise the posed of Ni catalysts modified with tartrate/NaBj and
use of homogeneous catalysts that have the disadvantage dbt(Pd) modified with cinchona alkaloidd]. These kinds
difficult separation and reuse of the expensive catalysts em-of systems are successfully employed nowadays for the hy-
ployed. drogenation of certain carbonyl compour{ds5,6]. How-
Throughout the years, many methods have been intro-ever, many of these heterogeneous and heterogenized chi-
duced to develop heterogeneous or heterogenized chiraka| catalysts suffer from the leaching of the active metal
catalysts. For example, metal-ligand complexes can be im-or the chiral auxiliary into the solvent and from the de-
mobilized by covalent or coordinative linkage or electro- crease of enantioselectivity. In order to avoid these disad-
static attraction via functionalized |igandS or by adsorption VantageS, we are Studying the deve'opment of a new type
on porous supports to combine the good activities and se-of asymmetric heterogeneous catalysts, prepared by using
lectivities of homogeneous catalysts and the simplicity of techniques derived from the surface organometallic chem-
istry on metals (SOMC/M). This well-proven methodology
~ * Corresponding author. comprises the reaction between a supported and a reduced
E-mail address: ferretti@quimica.unlp.edu.ar (O.A. Ferretti). transition metal catalyst with an organometallic compound
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[7,8]. Previously published papers demonstrated that it was 923 K for Ni/SiOp, and 676 K for Rh/Si@). The reduced
possible to anchor SngElg)s onto a monometallic cata- monometallic catalyst is reacted inpHatmosphere with
lyst and to generate an organometallic phase (retaining butylan adequate amount of the chiral organotin compound dis-
groups on the surface) with very interesting properties in solved inn-heptane (catalysts based on Rh, reaction tem-
the selective hydrogenation of carbonyl compoufgj0]. perature 298 K) om-decane (catalysts based on Pt and
A somewhat similar approach has been developed by SmithNi, reaction temperature 393 and 423 K, respectively).
et al., who published a method to deposit a chiral silyl Once the reaction is finished, the catalyst is washed with
ether moiety onto a Pd surface through Si-metal bonds.n-heptane portions in an Ar atmosphere. The preparation
The so-modified catalysts were tested in the enantioselec-procedure is analogous to the one employed when $iBu
tive hydrogenation of prochiral molecules containingC the tin precursor compound, and it is described in detail in
bondg11]. Ref.[15].

In the present paper, we introduce the synthesis of a new
kind of asymmetric heterogeneous catalysts, based on silica 3 Catalyst characterization
supported Ni, Rh, and Pt, chemically modified with chiral

qrganotin compounds. '!'he systems were tested in the enan- Monometallic catalysts wereharacterized according to
tloselectl\d/ethhyd{og'elz'?atl??hof ethytl rl)yrtlvate anld actetngg- Ref. [15], by chemical composition, temperature-program-
none, and the stability of these catalysts was aiso Studied Ny, g yeduction (TPR), hydrogen chemisorption by the vol-

order to verify if they could be reused. umetric method, and distrition of metallic particle sizes
by transmission electron microscopy (TEM). The varia-
tion in the concentration of the organotin compound dur-
ing the preparation of organometallic catalysts was ana-
lyzed by using a gas chromatograph Varian 3400 CX (col-
umn 10% OV-101, FID) and a GC/MS in a Shimadzu QP-
5050A (capillary column SPB-%TM Supelco). The atomic
ratio Sn/M (M= Rh, Pt, Ni) was determined based on
the tin content in the catalysts, spectrophotometrically mea-
sured at 530 nm, after complexing the tin with phenylfluo-
rone.

2. Experimental

2.1. Synthesis and characterization of the chiral organotin
compounds

Following the procedures described in the literature
[12-14] the chiral organotin compounds;)-MenzSnMe,
(=)-MenSnBw, (—)-MenPhSnMe, and {)-MengSn-—
SnMeny (Men, menthyl; Bu, butyl; Me, methyl; Ph, phenyl),
were very carefully synthesized, in order to obtain optically
pure compounds having no epimerization of the carbon atom
attached to the tin atom. In gidical preparation procedure
to a solution of 10.3 g (0.040 mol) of SnCin 48 mL of A typical procedure is as follows. Hydrogenation reac-
dry GsHe, in an ice bath, 150 mL of a solution of 1.58 M tions were carried out in a 100-mL stirred autoclave reac-
(-)-menthylmagnesium chloride in dry tetrahydrofuranwas tor. The amount of 0.25 g of the catalyst was placed in
added drop by drop (0.240 mol). Once the addition step wasthe reactor, and then a definite quantity of the substrate
concluded, the reaction mixture was heated under reflux for (2.65 mmol of ethyl pyruvate and 4.23 mmol of acetophe-
60 h and then it was allowed to cool down to room tempera- none) and 60 mL of 2-propanol (solvent) were introduced
ture under stirring. A 10% HCI solution was added (25 mL) into the reactor under a hydrogen atmosphere. The reaction
and diluted with distilled water (25 mL). After the addition Was carried out at 353 K at a pressure of 1.0 MPagfith
of ethyl ether (200 mL), the organic phase is separated andcontinuous stirring at a ratef 800 rpm. Reactions were fol-
dried on anhydrous MgSQ The solvent was distilled un-  lowed by analyzing a sufficient number of microsamples by
der reduced pressure and the product was recrystallized ingas chromatography, using a Varian 3400 CX, having a 30 m
ethanol. These compounds were fully characterizedHhy ~ J&W DB-Wax capillary column and a FID detector. The
3¢, and1%Sn NMR, using CDQ with tetramethylsilane  enantiomeric excess (ee) wastermined chromatographi-

2.4. Catalytic reactions

as the standard. cally on a CP-Chirasil DEX CB column (25 m, 0.25 mm
i.d.), and calculated as ee% 100(S — R)/(S + R). Re-
2.2. Catalyst preparation action products were identified by GC/MS in a Shimadzu

QP-5050A (capillary column SPB-%TM Supelco). In order
Monometallic catalysts wengrepared by ionic exchange to verify if the catalysts under study could be reused, a series
starting from solutions of [Pt(NkJ4]Cla, [Ni(NH3)e]- of experiments were carried out. The procedure consisted in
(NO3)2, and [Rh(NH)sCIICl2, in order to obtain 1 wt%  submitting the catalyst to hydrogenation test (under the
Pt, 2.2 wt% Ni, and 1 wt% Rh in the resulting catalysts. In conditions previously noted). After finishing the reaction,
all cases, the support used was S{@erosil, 200 nfg~1). the remaining liquid was sepdedl, the catalyst was repeat-
After the impregnation stage, solids were washed, dried, cal-edly 2-propanol, and then another hydrogenation test was
cined, and finally reduced in Hflow (773 K for Pt/SiQ, performed.



V. Vetere et al. / Journal of Catalysis 226 (2004) 457-461 459

3. Resultsand discussion Table 1
Composition, activity, selectivity, and enantioselectivity in the hydrogena-
tion of acetophenone over different Pt- and Rh-based catalysts promoted

3.1. Synthesis, preparation, and characterization of with different chiral organotin ampounds (PE, 1-phenylethanol; CMK,

catalysts cyclohexylmethylketone; CHE, 1-ciahexylethanol; EB, ethylbenzene;
ECH, ethylcyclohexane)

The attainment of the proposed catalytic systems is de- Catalyst SPM r®  Spe ScMk ScHE SEB+ ee%
termined by the key stage of the synthesis of the chi- y SECH
ral organotin compounds. An important aspect taken into PYSiO; 0 460 31 43 15 11 0
account in the preparation of organotin compounds){( ,F:): E_;-mensanSe " 001 gg; gg 8 ; 8 i;‘

. —)-MenzSn-SnMeg 0.

MenSnM%, (—)-MenSnBu, (—)-.MenPth'nMe] conS|sted. Pt (_)-MenSnBi 04 171 97 0 0 3 20
in the fact that they were obtained optically pure, that is, rpsio, 0 208 0 15 55 30 0
without epimerization in the carbon atom of the menthyl Rh (-)-MenSnBy 03 374 0 8 48 44 -

group bonded to the tin atom. This was obtained with the
addition of triphenylphosphinduring the synthesis. With-
out the addition of this base, when £&nCl reacts with )
(—)-MenMgCl, a mixture with a 3:1 ratio of epimers is ob- 3-2- Hydrogenation of ethyl pyruvate
tained. In the case of BBNnCl with (—)-MenMgCl, a mix-
ture of epimers with a 3:2 ratio is attained, and with the

MezSnCl there exists no epimerizati¢ip]. i ¢ o1 q o ooF b
Monometallic catalysts employed as base catalysts for IC s referenceHig. 13, and racemic mixtures were ob-
tained. In the case of the systems based on Rh and Pt,

all preparations were characterized by the usual methods,th | ducts obtained ®Y-ethyl lactat d th
such as TEM and pchemisorption, and the metallic con- e only products obtained wer&)-ethyl lactate and the

tent was determined by atomic absorption. TEM results (S)-ethyl lactate, while in the case of Ni/SjGhe appear-

show that the preparation by ionic exchange allows sys- ance of certain additional light prodgcts was observgd. The
. . : : e Ni/SiO, catalyst presented a certain level of deactivation
tems with a quite homogeneous particle-size distribution to

be obtained, with values of mean particle diameter around Erec;r?izlt)élgUv?tr:c;hteh:olf\?e:rr?[atlon of dimers, oligomers, or
2.9, 1.2, and 2.5 nm, for Ni/Si) Rh/Si&, and Pt/SiQ, . . . .
respectively. Besides, the chemisorption runs reveal, for In relation to the enantioselective hydrogenation of ethyl

. . : : . pyruvate, the system NK)-MenSnBy showed a hydro-
Rh/SiQ; and Pt/SiQ, a high metal dispersion (HRh= 0.65 . o e 121
and H/Pt= 0.64), and a relatively moderate dispersion for genation rate similar to Ni/SI§X363 and 331 umol,gls S

Ni/SiO; (H/Ni = 0.16). These characteristics of surface ho- respectively), butit did not gsent deactivation, which could

" Hal f ina th ¢ i be attributed to the fact that tin poisons selectively the active
mogeneily are essential Tor assuring the correct preparationg;e ¢ 14t jlead to reactions responsible for the deactivation of
of organometallic catalyststbugh techniques derived from

SOMC/M. the monometallic catalyst. For the systems based on Rh and

h . li | ‘ q Pt modified by tin, a high hydrogenation rate and a behavior
i € preparation of organometallic catalysts performe similar to the one observed with the respective monometal-
following the same procedure used to generate systems mody;. catalysts were noted. The catalytic behavior of the tin-

ified by SnBu [15] can be represented by the following . Jified catalysts is presentedfig. 1h

equation: With respect to the enantiomeric excess, for all the cat-
) alytic tests, the preferential formation of th§€) @nantiomer
M/SIOz + ySnRy + (xy/2)H2 of ethyl lactate was noted, contrary to what is observed when
— M[SNR,_,],/SiO, + xyRH. Pt/cinchonidine system are employed. However, the values
’ of ee% obtained were very low (ca. 7%) for the three met-
The present tin amount was measured to determine theals and all the studied chiral organotin compouffitig].
“y” value (Table 3. In order to study the specificity of  These results are in the same direction as those previously
the interaction between theanometallic catalysts and the  obtained by our research group with cinchonidine-modified
organotin compounds, blank experiments were conducted inPtSn/SiQ catalysts having a St atomic ratio greater
which the tin precursor was contacted with the 5iRo de-  than 0.04; these systems allowed us to obtain an ee% of
tectable tin amounts on the support were observed under thehe R enantiomer of ca. 10%l8]. In a paper of Margit-
experimental conditions of this work. In the case of organ- falvi et al. it is reported that the enantioselectivity of the
otin compounds containing different organic fragments, one Pt/Al,Os-dihydrocinchonidine catalyst is found to change
or more of the denominated with R that remain bonded to only slightly upon promotion with tin, while the rate of ethyl
tin correspond to-£)-menthyl. It should be stressed, how- pyruvate hydrogenation depends strongly on the amount of
ever, that no further characterization of the organometallic tin added. These authors also found that the hydrogenation
catalysts was performed, and hence the true nature of the suactivity is completely suppressed at relatively low tin cover-
perficial complexes is not yet really known. age (SriPts > 0.06)[19].

a |nitial reaction rate (umolgi s 1.

Chiral organometallic catalysts were studied in the hydro-
genation of ethyl pyruvate, taking the respective monometal-
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ing a enantiodifferentiating capacity, will have to be chemos-
elective up to the phenylethanol achievement.

Table 1shows the results of activity and selectivity in
the acetophenone hydrogenation for the different chiral cat-
alysts based on the Rh and Pt studied, taking the respec-
tive monometallic systems as comparison. For this reaction,
Rh/SiG does not exhibit any selectivity to PE. The catalyst
modification with the chiral compoune-)-MenSnBu in an
atomic ratio SiRh = 0.3 produces an incrementin the reac-
tion rate, but the chemoselectivity remains the same. These
results are different from those reported in the bibliography
for the citral hydrogenation with organometallic catalysts of

x . . - Rh containing butyl groups attached to the surfid¢s.
¢ X ‘““Time(min)'*“' 200 24 Systems based on Pt presehgevery different behavior.
Table 1clearly shows that the monometallic catalyst pro-
duces a higher proportion of hydrogenation products of the
ring, while the modification of such catalyst by addition of
organotin compounds via SOMC/M notably enhances the
chemoselectivity to phenylethanol (the desired product) in
all cases. This result is in agreement with those previously
obtained in the hydrogenationefg-unsaturated aldehydes,
employing organobimetallic calysts having butyl groups
attached to the surfad8]. The origin of this catalytic ef-
fect is usually assigned to the fact that tin is found under
the form of Sn(0) and Sn(ll,IV), inducing important elec-
tronic effects, besides it can act as a site-blocking agent that
changes the adsorption modes of the molecules. Besides, we
suggest that the presence of the bulky menthyl groups is also
responsible for the high sel@dties obtained in the case of

Conversion %

@

Conversion %

0 S0 100 150 200 250 300 350 400 our catalytic s_ystems.. _
Time (min) The enantioselective hydrogenation of acetophenone af-
®) forded an excess of theS)-phenylethanol isomer. An ee

value of around 20% was obtained with all the chiral organ-
Fig. 1. () Hydrogenation of ethyl pyruvate on monometallic catalysts. Con- 0Otin compounds tested, which is a good result for acetophe-
version as a function of time for the following catalyst#) PUSIiQ,, none, a nonactivated ketone, and especially because of the
(M) Rh/SIOy, (A) Ni/SIO,. (For the experimental conditions see the text.) high selectivity to PE (over 97%). Previously published re-

(b) Enantioselective hydrogenation dfigl pyruvate on heterogeneous chi- . . .
ral catalysts. Conversion as a function of time for the following catalysts: sults with the Pt/cinchonidine system showed an ee value of

(@) Pt(~)-MenSnBu, (M) Rh(—)-MenSnBu, () Ni(—)-MenSnBu,. 17%, corresponding to a yield of 4.7f20]. The similar ee
(For the experimental conditions see the text.) obtained for the three rather different modifiers employed in

this work seems to indicate that the chiral induction must be
assigned to the presence of at least one menthyl group at-
tached to the surface.

Finally, another important advantage of the catalytic sys-

In an attempt to demonstrate that this new type of asym- tems presented here is their stability. As it is depicted in
metric catalysts could be used for the enantioselective hydro-Fig. 2, taking Pt(-)-MenSnBu as an example, there is a loss
genation of different type of substrates, the acetophenone in neither the selectivity to PE nor in the ee% value obtained
hydrogenation was also examined. The acetophenone hydroafter using, washing, and reusing the catalysts. These find-
genation can be produced at different points of the molecule:ings are of special importance in the study of the catalysts
if the C-O bond is hydrogenated, 1-phenylethanol (PE) is presented here, because, if the detachment of organic frag-
obtained, a product of intereis the pharmaceutical and per-  ments were produced during the reaction stage, this would
fume industries. On the other hand, if the aromatic ring is provoke changes in the behavior of the system (conver-
hydrogenated, cyclohexyl methyl ketone (CMK) is obtained. sion, selectivity to phenyl ethanol, enantioselectivity). These
Finally, subsequent hydrogenation of PE or CMK leads to changes do not occur, so the stability of this type of sup-
1-cyclohexylethanol (CHE), a product used to manufacture ported chiral organobimetallic phases could be accepted,
certain polymers. So, the selection of this substrate repre-which is an important aspect facing their application in the
sents a higher challenge since the catalyst, besides presenfield of asymmetric catalysis. Analogous results concerning

3.3. Hydrogenation of acetophenone
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