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Abstract

The polymerizable rhodium complex{j-diopRh(AAEMA)] (AAEMA ~: deprotonated form of the ligand 2-(acetoace-
toxy)-ethylmethacrylate) was obtained by reaction of (cod)Rh(AAEMA) witfdiop at—80°C. Supported chiral complexes
have been obtained by copolymerization ofJ{diopRh(AAEMA)] with N,N-dimethylacrylamide andN,N’-methylene-
bisacrylamide or by reaction of{)-diopRhCI}L with an opportunely prepared popHketoesterate). Catalytic tests carried
out with the homogeneous catalyst or with both its heterogeneous analogues proved to be active in the enantioselective hydro-
genation of methylZ)-a-N-acetamidocinnamate yielding)¢phenylalanine methylester with ee’s up to 67%. © 2002 Elsevier
Science B.V. All rights reserved.
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1. Introduction been developed with the aim of combining the advan-
tages of homogeneous catalysis in terms of activity
Due to their potential recyclability, much effort and selectivity with those of heterogeneous systems.
has been focused on supporting a metal complex The synthetic strategies mostly used to synthesize
exhibiting catalytic activity onto insoluble organic or a supported metal complex have been reported in
inorganic matrices [1,2]. Catalyst activity and selec- Scheme 1.
tivity have been optimized by changing the nature ~ Route ‘@’ envisages the polymerization of an
of the support, as well as that of the metal centre opportunely prepared metal complex and has the ad-
[3-5]. The materials obtained by suitably anchoring a vantage of the possibility to check the catalytic activity
soluble metal complex onto a polymeric material are in the homogeneous and heterogeneous phases. Route
often referred to as hybrid due to their halfway nature ‘b’ is the “classical” synthesis of a macromolecular
between homogeneous and heterogeneous, and havéigand followed by the anchoring of a metal salt or

complex.
* Corresponding author. Fax:39-80-5460-611. ~Among the most recent examples of supported rho-
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Scheme 1. Strategies for the synthesis of a supported metal complex.

[6] or on isonitrilic resins [7]; (ii) rhodium amine  [25-30]. Entrapment of a soluble rhodium catalyst into
complexes tethered on silica supports [8-10], [Rh- an insoluble matrix has also been the goal of different
(COXCI]2 anchored on mesoporous silica MCM-41 recentinvestigations. To this purpose, sol—-gel matrices
[11,22]; (iii) rhodium acetate on a dendrimer-bound [31], polydimethylsiloxane [32], BaS{£) AgCl, cellu-
phosphine [13]; (iv) rhodium hydride complexes cova- lose, silica gel, aluminium oxide and charcoal [33]
lently bound on inorganic—organic matrices obtained have been used as supports. Recent work on the topic
by sol-gel polycondensation [14]; (v) supported dealt with rhodium catalysts anchored on cinchonine
catalysts obtained from polymerizable 1,2-bis-(di- or ephedrine-modified divinylbenzene-crosslinked
phenylphosphino)-ethane rhodium complexes [15]. chloromethylated polystyrene [34]. Continuing previ-
Potentially enantioselective supported catalysts have ous studies by the authors on the synthesis, copoly-
naturally attracted a higher interest. Among the first merization and use in catalysis of group VIII-X metal
examples of supported chiral rhodium(l) complexes complexes with the anion of 2-(acetoacetoxy)ethyl-
are “classical” homogeneous precursors supported onmethacrylate (AAEMA') [35—-41], the complex (cod)
silica [16—19] or on organic co-polymers of oppor- Rh(AAEMA) was synthesized. After its polymeriza-
tunely prepared derivatives of enantiopure diop or tion with suitable co-monomers and cross-linkers, its
bppm [diop: 4,5-bis(diphenylphosphinomethyl)/2,2  activity in the hydrogenation of several organic
dimethyl-1,3-dioxolane; bppm: tert-butoxycarbonyl-  substrates was tested [42]. Since chiral rhodium
4 - diphenylphosphino - 2- (diphenylphosphinomethyl) B-diketonates exhibit enantioselectivity as hydrogena-
pyrrolidine] [20—24]. Other papers describe suppor- tion catalysts [43], it was considered worthwhile to
ted chiral complexes obtained by the interaction of pursue the synthesis of the polymerizable)idiopRh
cationic rhodium compounds with ion exchange resins (AAEMA)] and of its heterogeneous analogues

COOCH3 H2, CH3OH N
(+)-diopRh(AAEMA) or / :

NHCOCH
Ph NHCOCH; supported Rh chiral catalyst Ph 3

COOCH;

Fig. 1. Scope of the work.
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Fig. 2. Synthesis of [f)-diopRh(AAEMA)].

obtained following route ‘a’ or ‘b’ (Scheme 1).

with respect to§ 4.89 ppm in (cod)Rh(AAEMA)).

Both resins proved to be active and enantioselective Very similar effects can be observed by comparing the

catalysts for the hydrogenation of methylHa-N-
acetamidocinnamate (Fig. 1).

2. Results and discussion

2.1. Yynthesis of [(+)-diopRh(AAEMA)] and
of its heterogeneous analogues

The synthesis of the complex +{-diopRh
(AAEMA)] was achieved by the direct reaction of
(cod)Rh(AAEMA) with one equivalent of-+)-diop
in THF at—80°C as schematized in Fig. 2.

The complex was obtained as a light-orange powder
and its IR spectrum shows the expecelletoesterate
combination bands at 1605 and 1505 dmMoreover,
typical medium bands for the coordinated phosphine
appear at 723, 694 and 511t

The 'H NMR spectrum shows the methacrylate
olefinic protons at 5.13 and 6.12 ppm. Such signals
are only slightly upfield shifted passing from (cod)Rh
(AAEMA) (6 5.19 and 6.15 ppm) to the4{)-diopRh
(AAEMA)] complex. The AAEMA~ methylene pro-
tons in (+)-diopRh(AAEMA) are also shifted upfield
(6 3.06 and 3.80ppm with respect % 3.84 and
4.0 ppm for (cod)Rh(AAEMA)). The methynic pro-
ton, on the other hand, shifts downfielél $.07 ppm

IH NMR spectra of [¢-)-diopRh(acac)] with those
of (cod)Rh(acac) or (nbd)Rh(acat).The 31P{1H}
NMR spectrum of [§)-diopRh(AAEMA)] shows
only a doublet a8 39.6 ppm that could be explained
invoking a distorted square planar structure. A sim-
ilar spectrum was observed for the unsymmetrical
rhodium—phosphine complex (PEtRh(tfac) (tfac:
trifluoroacetylacetonate) [44]. The reported data were
consistent with a chelating structure both fen{diop
and for AAEMA™.

[(+)-diopRh(AAEMA)] was co-polymerized with
DMAA (N,N-dimethylacrylamide, comonomer) and
MBAA (N,N-methylenebisacrylamide, cross-linker) in
the presence of AIBN as radical initiator, with the
aim of synthesizing a chiral-supported metal complex
(Fig. 3) following the route ‘a’ in Scheme 1.

The IR spectrum of the obtained supported rhodium
complex (in the following referred to as Rh-pof*A
shows the diagnostic bands for coordinated-diop
at 512, 696 and 742cnd. The elemental analysis

114 NMR recorded in benzenescshows a downfield shift for
the methinic protons (the methinic proton ir-)diopRh(acac)
falls at 5.23 ppm [43] with respect to (nbd)Rh(acac) (5.16 ppm)
and (cod)Rh(acac) (5.13ppm)) and an upfield shift for the six
acac methyl protons (the methyl protons in){diopRh(acac) fall
at 1.49 ppm [43] with respect to (nbd)Rh(acac) (1.79 ppm) and
(cod)Rh(acac) (1.78 ppm)).
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+ DMAA Table 1
+ MBAA Enantioselective hydrogenation of MAC (temperature:°Q2
AIBN, Toluene/DMF solvent: CHOH (8 ml); substrate/catalyst: 160 mol/mol; [MAE]
[(+)-diopRh(AAEMA)] » Rh-pol A* 0.125mol/l; reaction time: 24 h if not otherwise specified). Sub-
100 °C strate conversion is >99% except for entries 1 (70%), 9 (90%)

and 13 (92%)

Fig. 3. Synthesis of the supported chiral complex Rh-pbl A

Entry Catalyst Pressure (bar) ee (%)
1 [(+)-diopRh(acac)] 1 52
2 [(+)-diopRh(AAEMA)] 1 67
showed a Rh content of 4.30% and a P/Rh ratio of 3 [(+)-diopRh(AAEMA)] 12 35
1.8. Alternatively, following route ‘b’ of Scheme 1,a 4 [(+)-diopRh(AAEMA)] 6 43
macromolecular ligand was synthesized by a straight- Z [Fg:)'d'lo/‘ifh(AAEMA)] 12 Ez’i
forward thermal polymerization carried out at 1@ 7 thggl A 6 36
reacting HAAEMA with MBAA and DMAA in the 8 Rh-pol A* 2 53
presence of AIBN (Fig. 4). The IR spectrum of the 9* Rh-pol A 2 30
matrix shows the two expected carbonyl bands of 10 Rh-pol B 12 39
HAAEMA at 1722cnt? (ketone) and a shoulder at 2 Rh-pol B 6 42
1 . - 2 Rh-pol B 2 60
ca. 1745+ 5cnr = (ester). The obtained resin was ;= Rh-pol B" 2 50

subsequently reacted with a slight excess of KOH to
obtain a supported AAEMA functionality. In order
to determine the amount of base necessary for the
deprotonation, it was assumed that the percentage of2.2. Catalytic activity of (+)diopRh(AAEMA) and
ligand HAAEMA incorporated in the polymer was of the supported chiral catalysts Rh-pol A* and
equal to the calculated (14.9 wt.%). This assumption Rh-pol B
was based on the fact that the percent ratio of the
isolated mass of the polymer with respect to the total  Both [(+)-diopRh(AAEMA)] and its heterogeneous
reagent mass was 97%. The macromolecular ligand analogues were used as catalysts for the hydrogena-
thus obtained was eventually reacted at room temper-tion of methyl-¢)-a-N-acetamidocinnamate (in the
ature with [¢+)-diopRhCIp, yielding the supported  following MAC). Table 1 shows the results of the
rhodium chiral complex Rh-pol B(Fig. 4). Elemental above-mentioned study. The enantiomeric excess was
analyses revealed a P/Rh ratio of 2.0. Moreover, in all cases directed towards tHg-fsomer, as pointed
potassium and chlorine elemental analyses proved theout by polarimetric measures [45].
absence of unreacted supporfedtetoesterate and of Knowing that [¢)-diopRh(acac)] is an active
unreacted [{)-diopRhClp. catalyst for the hydrogenation of methyl}{o-N-

The IR spectrum of Rh-polBis very similar to that acetamidocinnamic acid [43], first catalytic tests were
of Rh-pol A*, confirming the formation of a supported aimed at comparing the activity and selectivity of

aRecycle of the previous run; reaction time: 48 h.

B-ketoesterate rhodiumH)-diop complex. B-dioxygenato complexes towards the hydrogenation
AIBN, DMF T 1 KOH, EtOH
DMAA + MBAA + HAAEMA ——» /\/0 B —
110°C © @

o o0
M\ [(+)-diopRhCl],, THF
o/\/o @ —  »  Rh-pol B*

5 RT

Fig. 4. Synthesis of the supported chiral complex Rh-ptl B
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of MAC at ambient temperature and pressure. A pre-
liminary result was obtained by using-{}-diopRh
(acac)] in the hydrogenation of MAC under atmo-
spheric B pressure. An ee of 52% at 70% MAC
conversion was obtained (entry 1). Carrying out the
same reaction with {£)-diopRh(AAEMA)] resulted
in a marked enhancement of activity and selectivity
(67% ee at quantitative MAC conversion, entry 2).
The effect of the pressure on the enantioselectivity
[46] was studied by carrying out the hydrogenation
with the polymerizable complex {)-diopRh(AAE-
MA)] at 12, 6 and 2 bar (entries 3-5). The enantiome-

181

was found, in accordance with the signal observed
for [(+)-diopRh(AAEMA)] in toluene-@ solution §
31p(1H} 39.6 ppm). It can be thus assumed that the
coordination mode of)-diop is unchanged in the
monomeric [¢+)-diopRh(AAEMA)] complex and in
its heterogeneous analogue Rh-pdl B

Rh-pol A* exhibits in the solid-staté'P{1H} NMR
spectrum a broad peak &t29.1 ppm. Such a signal
can be attributed to the convolution of the signals due
to a monoxidized{)-diop ligand coordinated via the
trivalent phosphorous to the rhodium(l). The resulting
supported complex turned out still active in the hy-

ric excess shows a marked dependence on hydrogerdrogenation of MAC, although its enantioselectivity,
pressure: an increased enantioselectivity was observedcompared to that of Rh-pol'Bivas lower (comparison

when the reaction was carried out at 12, 6 and 2 bar
(35, 43 and 53% ee’s, respectively; entries 3-5). The
preliminary results obtained with the polymerizable
complex [()-diopRh(AAEMA)] prompted us to use
the supported chiral complexes Rh-pdi and Rh-pol

B* in the title hydrogenation. First tests carried out
at ambient hydrogen pressure with Rh-pot And
Rh-pol B* proved ineffective, giving MAC conver-
sions ranging from 6 to 10% in each case. The ee was
not determined under these conditions. The reaction
was then carried out at 12, 6 and 2 bar (entries 6-8)
and the enantiomeric excess rose again with the low-
ering of the pressure (24, 36 and 53%, respectively).
This observation is in accordance with the assumption
that the rate-determining step of the catalytic cycle
is the hydrogen addition [47,48]. The recycle of this
reaction exhibited a slightly lowered catalytic activity
(90% conversion after 48 h) and selectivity (30% ee;
entry 9). After the recycle of run 8, the rhodium con-
tent dropped to 2.15%. Rh-pol*Balso proved active

in the title hydrogenation giving complete conversion
towards the corresponding phenylalanine methylester
within 24 h when the reaction was carried out at pres-
sures higher or equal to 2bar. The expected increase

of entries 6-9 with entries 10-13 of Table 1).

IR spectroscopy was not useful to confirm the
presence of monoxidized diop in Rh-pof Adue to
the crowding of bands attributable to the polyamidic
support in the 1000-1200cth region. However,
recording®!P{*H} NMR of a toluene-g solution of
[(+)-diopRh(AAEMA)] warmed at 80C for 45 min
showed a sensible lowering of tld€39.6 ppm signal,
with the simultaneous appearance of two signals:
a singlet § 25.3 ppm) and a doublet (31.3 ppm,
1J(Rh, P) = 150 Hz). Such signals can be attributed
to the monodentate ligand-{-diop monoxide, coor-
dinated to rhodium via the trivalent phosphorus atom.

It can therefore be concluded that a supported
(+)-diop monoxide Rh(I) complex is formed dur-
ing the co-polymerization of {)-diopRh(AAEMA)]
carried out at 100C. A partial oxidation of the coor-
dinated diop in Rh(l) acetylacetonato complexes was
proposed by Brunner and Wagenhuber [43] to justify
the lowered enantioselectivity exhibited in catalysis
by isolated {)-diopRh(acetylacetonato) complexes
with respect to that exhibited in reactions carried out
with catalysts prepared in situ.

In both Rh-pol A and Rh-pol B 31P{H} NMR

in enantioselectivity occurred with the lowering of the spectra, the broadening of the supported complex res-
pressure (entries 10-12) reaching an ee of 60% at 2 baronance with respect to that offf-diopRh(AAEMA)]
hydrogen (entry 12). A recycle of this reaction (entry in solution is related to the substantial dispersion of
13) led to an ee of 50% at a substrate conversion of 3P chemical shift in amorphous systems such as
92% after 48 h. surface-attached species. This feature due to environ-
In order to gain further insights into the coordina- mental effects has been observed for other systems
tion mode of ()-diop to rhodium in the obtained sup- immobilized on silica gel or glass beads [49], and
ported complexes, solid-state CP/MAS{*H} NMR is responsible for the impossibility to resolve the
spectra of Rh-pol A and Rh-pol B was performed.  two phosphorus signals for the coordinateg)-fiop
In the case of Rh-pol B a broad signal at 39.9 ppm monoxide in the solid-statt'P{*H} NMR.
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3. Experimental
3.1. General procedures

All syntheses were carried out under nitrogen using
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nation within 5% error. Enantiomeric excess have
been determined by HPLC on a HP 1050 instrument
equipped with a Daic8 Chiralcel OD-H column
and a UV diode array detector set at 220 nm.

standard Schlenk techniques. Catalytic procedures3.2. Synthesis of (4S5S)-(+)-4,5-bis-(diphenyl-

were carried out under a stream of dry nitrogen.
HAAEMA was purchased from Polyscience; }-diop
was purchased from Aldrich, DMAA and MBAA

phosphino-methyl)-2,2-dimethyl-1,3-dioxolaneRh
(1N(AAEMA) [ (+)-diopRh(AAEMA)]

were purchased from Fluka. Reagents were used A solution obtained dissolving 198.06 mg (0.467

as-received. [(cod)RhG]50], [(+)-diopRhCIp [43]
and (cod)Rh(AAEMA) [51] were prepared by litera-
ture methods. Methyl#)-a-N-acetamidocinnamate
was prepared by & reaction of Z)-a-N-acetamido-
cinnamic acid with methyl iodide in the presence of
K2COs in DMF [52] or by direct methylation with
an equivalent of trimethylsilyldiazomethane solution
[45]. UV-Vis spectra were recorded on a Uvikon 942

mmol) of (cod)Rh(AAEMA) in 5 ml THF was cooled
to —80°C and kept under vigorous stirring. A solu-
tion obtained dissolving 231.86 mg (0.465 mmol) of
(+)-diop in 11 ml THF was added dropwise over a
30 min time. A change in colour from yellow to light-
orange was observed. After further 15 min-s80°C,

the solution volume was reduced to 5 ml in vacuo over
a 60 min time, during which the reaction temperature

spectrophotometer. IR spectra were recorded on awas allowed to raise te-30°C. To the obtained solu-

Bruker Vector-22 instrument. NMR spectra were
recorded on a Bruker AM 500 or on a Bruker

Avance DRX500 spectrometer; frequencies were ref-

erenced to MgSi (*H and 13C), 85% HPOs (31P).
The high-resolution3!P solid-state NMR spectra
were performed on a Jeol GSE 270 (6.34T) oper-
ating at 109.6 MHz under conditions éH — 3P
cross-polarization, high-power proton decoupling and
magic angle spinning. The 90pulse was 6.Q.s

tion, 25 ml of petroleum ether (30-5Q) at —30°C
was added, causing the immediate precipitation of a
light-orange solid that was filtered at30°C, washed
with 5 x 5 ml of petroleum ether and eventually dried
in vacuo.

Yield: 339mg (89.5%); analysis: calculated for
C41H4507P2Rh: C, 60.45%; H, 5.57%; Rh, 12.63%;
P, 7.60%. Found: C, 59.79%; H, 5.63%; Rh,
12.81%; P, 7.40%'H NMR (benzene-g 500 MHz,

and the contact pulse was 5ms. The spectra of the293K): (ppm)é = 1.15 (s, 3H, diop-CH), 1.16
complexes were collected after 1000 transients and (s, 3H, diop-CH), 1.45 (s, 3H, C(O)CH), 1.71

a relaxation delay of 10s. The line broadening was
set to 100Hz. HPO,; 85% was used as reference
(8 = Oppm). Cylindrical 6 mm o.d. zirconia rotors
with sample volume of 120l were employed with

(m, 3H, methacrylate C§), 2.34-3.06 (m, 4H,
diop-CH,), 3.06 (m, 2H, O-CH), 3.80 (m, 2H,
O-CHp), 4.09 (br, 2H, diop-CH), 5.07 (s, 1H,
C(O)CHC(0)), 5.13 (m, 1H,cisvinyl proton),

spinning speed of 6.5 kHz. For all samples, the magic 6.12 (m, 1H, trans-vinyl proton), 6.90-7.15 (m,

angle was adjusted from tH8Br MAS spectrum of
KBr by minimizing the linewidth of the spinning side
band satellite transitions.

Atomic absorption analyses were performed on
a Perkin Elmer 3110 instrument using a Rh hollow

12H, Phneta + Phpara), 7.40-8.10 (m, 8H, Rh,);

13C{lH} NMR (toluene-d, 126MHz, 293K):
(ppm) 8 18.3 (s, CH;, methacrylate), 26.9 (s,
CHgs, B-ketoesterate), 27.11 (s, GHdiop), 27.17
(s, CHs, diop), 32.45 (pt, Ch, diop), 33.50 (dd,

cathode lamp. C, H, N, elemental analyses were per- CHy, diop, J1 = 27.13Hz J, = 1356 Hz), 60.55 (s,

formed using a Carlo Erba 1108 analyser. Optical
rotations were determined on a Perkin Elmer 241 MC

CHo—CHp), 63.14 (s, CH-CHy), 77.46 (d,J (C, P) =
6.78 Hz, CH, diop), 78.40 (d/(C,P) = 6.78Hz,

polarimeter. Chromatographic analyses were carried CH, diop), 83.98 (s, O—C(@HC(O)CHs), 107.96
out on a Hewlett Packard 6890 instrument using a (s, C(CHs)2, diop), 125.49 (m, O—C(O)}X), 136.52

30 m HP-5 column. Conversions were calculated by
GLC analysis. Isolated yields ofSf-phenylalanine
methylester confirm the chromatographic determi-

(m, O-C(OX=C), 128-139 (Grom), 166.52 (sC=0,
methacrylic), 170.2 (s, G5{O)CHC(O)CH;), 186.3
(s, O—C(O)CHZ(O)CH).
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31p(lH} NMR (toluene-d, 202MHz, 293K);
(ppm): 8 = 39.6 (d,1J(Rh, P) = 195 Hz); IR (Nujol,
cm1): v = 1717 (vs, GO, methacrylate), 1605
(vs, B-ketoesterate combination band), 1505 (vs,

B-ketoesterate combination band), 1263 (m), 1158

(m, B-ketoester C—O-C stretching), 1049 (w), 885
(w), 439 (m), 723 (m), 694 (m), 511 (MxJsg9nm =
—64° (¢ = 1.87, tolueney = 23°C); UV-Vis (THF,
mol/l): 281nm ¢ = 7463Imoltcm™1), 249nm

(¢ = 13168Imottcm1), 236nm ¢ = 16074
Imol~tcm™1). p.f.: 142°C (decomposition).

3.3. Yynthesis of Rh-pol A*

To a solution containing 171.08 mg (0.210 mmol)
of [(+)-diopRh(AAEMA)] in 3 ml toluene and kept at
—80°C under vigorous stirring was added a solution
obtained dissolving 318.90 (3.215mmol) DMAA
and 97.46mg of MBAA (0.075mmol) and 10 mg
AIBN in 1 ml DMF.

The reaction mixture was heated under vigorous
stirring at 100°C for 10 min, after which the formation
of a polymer that blocked the stirring was observed.
After cooling the reaction mixture at room tempera-
ture, the solid was washed with>35 ml of toluene,

3 x 5ml of diethylether and eventually dried in vacuo
and stored at-30°C.

Yield: 440 mg of polymer. Elemental analysis: Rh,
4.30%; P, 2.32%. IR (KBr) (cm') v = 3474 (vs,
vb), 2932 (s), 1635 (vs), 1507 (s), 1400 (s), 1261 (s),
1173 (s), 1054 (s), 742 (s), 696 (s), 512 (FP CP
MAS-NMR (109.6 MHz, 293 K;§ = 29.1 ppm.

3.4. Copolymerization of HAAEMA with
DMAA and MBAA

A 25ml Schlenk tube was added of 324.0mg
(2.5mmol) HAAEMA, 1.703g (17.2 mmol) DMAA,
and 151.0 mg (1.0 mmol) MBAA in 6.5 ml DMF. The
theoretical HAAEMA percentage is 14.87wt.%. To
this solution, 5mg AIBN was added and the solution
kept under vigorous stirring and warmed to @
After 10 min, the stirring was blocked by the forma-
tion of a gelatinous polymer that was treated with
50 ml diethylether, isolated by filtration, washed again
with diethylether (4x 20ml) and dried in vacuo.
Yield: 2.11g; IR (KBr) (cnm?): v = 3468 (vs), 2940
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(vs), 1720 (s), 1630 (vs, vb), 1505 (s), 1405 (s), 1360
(s), 1260 (m), 1150 (m), 1060 (w).

3.5. Synthesis of Rh-pol B*

A 200 ml Schlenk tube was added of 715.4 mg of
the macromolecular ligand obtained with the former
preparation and was swollen in 12 ml EtOH. To this
suspension, kept under vigorous stirring, 60.0 mg
KOH (1.07mmol) was added. After 1.5h, 12ml
of petroleum ether was added, causing the imme-
diate shrinking and precipitation of the polymer. The
solution was removed with a syringe and the depro-
tonated polymer was washed withx320 ml of a 1:1
EtOH/EpO mixture. The macromolecular ligand was
subsequently suspended in 10 ml THF under vigorous
stirring and a solution of f{)-diopRhCI}p (314.98 mg
(0.247 mmol) in 50 ml THF) was added over a 30 min
time. After 13 h reaction, 50 ml ED was added to
shrink the polymer and the solution removed with a
syringe. The resin was washed withx335 ml water,

2 x 25ml acetone and 2 25ml EpO. The orange
solid was eventually dried in vacuo. Elemental anal-
ysis revealed the absence of potassium and chlorine.

Yield: 500 mg of supported rhodium complex. Rh
3.41% P = 2.0%. IR (KBr) (cnm1): v = 3468 (vs),
2940 (vs), 1720 (s); 1630 (vs, vb), 1505 (s), 1405 (m),
1360 (m), 1260 (m), 1150 (m), 1060 (w), 746 (m,
diop), 697 (m, diop), 510 (m, diopfP CP MAS:
NMR (109.6 MHz, 293 K):5 = 39.6 ppm.

3.6. Hydrogenation of methyl-(Z)-a-N-
acetamidocinnamate

In a typical run, a 50ml stainless steel autoclave
equipped with a transducer for online pressure mon-
itoring was charged, under nitrogen stream, of the
supported rhodium complex (6.2%nol Rh), and
of methyl-@)-a-N-acetamidocinnamate (219.24 mg,
1.0 mmol) in methanol (8 ml). The autoclave was then
purged three times with hydrogen then pressurized and
set on a magnetic stirrer. The reaction was stopped af-
ter 24 h (48 h for the recycles) and in any case, when no
further hydrogen uptake was observed. After catalysis,
the hydrogen was vented and the autoclave opened.
The resin was recovered by centrifugation and the con-
version determined by GLC. The solution was purified
by silica gel percolation using ethyl acetakévexane
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(50:50) as eluant and subsequent solvent evaporation.[14] E. Lindner, F. Auer, A. Baumann, P. Wegner, H.A. Mayer,

An aliquot of the product was eventually dissolved
in the HPLC eluant (isopropanathexane=30:70)

and analysed for ee. Retention times under the con-

ditions previously reported areR)-enantiomerrg =
9.03 min; (§-enantiomertr = 10.19 min.

H. Bertagnolli, U. Reinthl, T.S. Ertel, A. Weber, J. Mol.
Catal. A 157 (2000) 97.

[15] R.A. Taylor, B.P. Santora, M.R. Gagné, Org. Lett. 2 (2000)
1781.

[16] I. Kolb, M. Cerny, J. Hetflejs, React. Kinet. Catal. Lett. 7
(1977) 199.

In the case of homogeneous catalysis runs with [17] A. Kanting, H. Krause, M. Capke, J. Mol. Catal. 33 (1985)

[(+)-diopRh(AAEMA)], the same procedure was
followed except for the catalyst preparation, which

215.
[18] U. Nagel, E. Kinzel, J. Chem. Soc., Chem. Commun. (1986)
1098.

was weighed in a separate Schlenk tube (5.09Mg, [19] 3. Jamis, J.R. Anderson, R.S. Dickson, E.M. Campi, W.R.

6.25umol) and dissolved in methanol. The solution

Jackson, J. Organomet. Chem. 627 (2001) 37.

was transferred to the steel autoclave or to a Schlenk[20] N. Takaishi, H. Imai, C.A. Bertelo, J.K. Stille, J. Am. Chem.

tube (for reactions carried out at ambient pressure)
and stirred under the appropriate hydrogen pres-

sure. The product isolation followed the previously
described procedure.

Soc. 100 (1978) 264.

[21] N. Takaishi, H. Imai, C.A. Bertelo, J.K. Stille, 3. Am. Chem.
Soc. 98 (1976) 5400.

[22] G.L. Baker, S.J. Fritschel, J.K. Stille, ACS Polym. Preprints
22 (1981) 155.

For reactions carried out at ambient pressure, a [23] G.L. Baker, S.J. Fritschel, J.R. Stille, J.K. Stille, J. Org.

Schlenk tube was added of the homogeneous or of the
supported complex, the substrate and the solvent. The
Schlenk tube was connected to a hydrogen balloon

Chem. 46 (1981) 2954.
[24] T. Matsuda, J.K. Stille, J. Am. Chem. Soc. 100 (1978) 268.
[25] F.M. de Rege, D.K. Morita, K.C. Ott, W. Tumas, R.D.
Broene, Chem. Commun. (2000) 1797.

and the inert atmosphere was replaced by hydrogen.[26] R. Selke, M. Capka, J. Mol. Catal. 63 (1990) 319.
The tube was then stirred and the reaction course [27] I. Toth, B.E. Hanson, M.E. Davis, J. Organomet. Chem. 397

was monitored via GLC. The previously described
procedure was then followed for product isolation.
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