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General experimental details

All reactions were carried out under argon atmosphesing standard Schlenk technique.
Catalytic reactions at atmospheric pressure wemgedaout in a three-necked flask. Catalytic
reactions at higher pressure were carried out irs@ated stainless steel autoclave (100 mL
internal volume) equipped with glass test tube mrahometer>’P{1H}-, **C{1H}- and *H-
NMR spectra were recorded on either a VARIAN UNIB®O0, on a Bruker Avance 400, or

on a Bruker DRX-500 spectrometer.

Preparation of PTA/Al,O05*%

Al,05*° (54 g, Strem, activated, neutral, 60 mesh, |25) Cat. No: 93-1338) was suspended
in 450 mL ethanol. PTA (11.4 g, 3.96 mmol, Merck1lB282 641, cryst. extra pure) in 150
mL ethanol was added to the suspension e®&f° and stirred for 4.5 hours. After that the
mixture was filtered. The solid was dried underwan at 50 °C, to obtain 68.2 g of solid
carrier. The PTA/AI0s**° was wet sieved to obtain the carrier with diambetween 32um-
250um!

I mmobilization of the catalyst on PTA/Al,05*°

Ligand 4 (106.6 mg, 0.17 mmol) in 5 mL of abs. &, was added to the solution of
[Rh(COD)]BF4 (69.0 mg, 0.17 mmol) in 5 mL of abs. gH,. The homogeneous mixture
was stirred for 20 min at RT, when the color of thixture changed from red to orange. The
in situ formed complex was then added to the stirred sisspe of PTA/ALO5°(3.0 g) in 40
mL of abs. CHCI,. The formed suspension was stirred for 4 h atflR&ed and washed with

4 x 5 mL of CHCI, and dried to give 2.86 g of the orange colored abiized catalyst
([Rh(COD)@)])/PTA/AILO59).

Table 1. Textural characterization of support, gwpport modified by PTA, and the

immobilized complex

SgET SeJH Shicro V17300 Davg.
[m?/g] [m?/g] [m?/g] [cm®/g] [nm]
Al 05140 140.2 210.8 2.49 0.46 12.9
PTA/AI,O5*° 134.4 173.5 0 0.32 9.4

[Rh(COD)@)]/PTA/ALLOsM 1191 156.2 0 0.28 9.4
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Figure 1. Nitrogen adsorption—desorption isotherofs supports and catalysts (Rh-
PTA/AILO:"% [Rh(COD)(4))/PTA/ALOs™, dotted line: desorption isotherm, continuous

line: adsorption isotherm)

500 —
ALO |4
E’) y
9 400 '
o .
Ia '
T 300 A
g e
8 /// 'I
S )/
c 200 PTA/AILO; ?
© o
e | %
o /
S 100 .
// Rh-PTA/ALO,
0 . . :
0.0 0.2 1.0

) 0.8
rePat(?ve pressure (pip -



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

Figure 2. Pore volume frequency of supports andlysts estimated by BJH method (Rh-
PTA/ALLO:™® [Rh(COD)(4)]/PTA/ALO:*Y
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Preparation of PTA/Al,O05™
Al,0:* was prepared as described in the literatuke0:** (2.67 g, $er = 431n1/g; Dayg. =
8.5 nm) was suspended in 56 mL 2-propanol. PTA4(9,50.19 mmol, Merck B311282 641,

431

cryst. extra pure) in 28 mL 2-propanol was addethéosuspension of AD;™°" and stirred for

2 hours.

Immobilization of the catalyst on PTA/Al,O5**

Compound4 (125.5 mg, 0.2 mmol) in Ci€l, (10 mL) was added dropwise to a solution of
[Rh(COD)]BF, (81.2 mg, 0.2 mmol) in C¥l, (5 mL). The resulting orange solution was
stirred for 20 min and then added to the suspensfioRTA/AlLO;**Y. The suspension was

stirred for 3 hours and then filtered. The orangred immobilized catalyst was washed
with 2 x 10 mL of 2-propanol and dried to give 3@8f [Rh(COD)&)]/PTA/AI,05**".

Table 2. ICP-AES data of supported catalysts
Rh W Al P Rh W Al P

mg/kg mg/kg mg/kg mg/kg m/m% m/m% m/m% m/m%

[RN(COD)@)PTA/AILO: 4466 128058 370805 3880 0.45 12.81 37.1  0.41

[Rh(COD)@)]/PTA/

ALOSL 3132 93829 346978 2617 0.31 9.38 34.7 0.28
203

Table 3. Textural characterization of support, gwpport modified by PTA, and the

immobilized complex

SgeT SgH Shicro V17300 Davg.

[m?/g] [m?/g] [m?/g] [cm®/g] [nm]
Al,05%! 431.0 634.2 18.3 0.92 8.5
PTA/AILO;* 277.3 441.6 0 0.62 8.8

[Rh(COD)@)])/PTA/AILO:*  251.6 377.0 0 0.44 8.7
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Figure 3. Nitrogen adsorption—desorption isotherofs supports and catalysts (Rh-
PTA/AILO:*L [Rh(COD)(4))/PTA/ALO:*, dotted line: desorption isotherm, continuous

line: adsorption isotherm)
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The supports used in this work were commerciallyailable neutral gamma-alumina
(A1,05M9) and alumina (AIO;**Y) prepared by the method described in the liteedtiithe
overall mesoporosity of AD3;, PTA/Al,O3;, and [Rh(CODWY)]/PTA/AI, O3 was examined by
nitrogen gas porosimetry, and the results are shawrable 1 and 3 and Figure 1-4. It is
important to note that for the clarity of the hystgs curves (Figure 1 and 3), the measured
adsorbed volumes of nitrogen were increased byesabf 200 crilg in the case of the

140 and

samples of AlOs, and by values of 100 cfg in the case of the samples of PTA®d
PTA/AlLO3*? respectively. The narrow pore-size distributidrttee tested samples implies
that the pores within the AD; support and PTA/AD; composites are uniform. It can be seen
that Brunauer-Emmett-Teller (BET) surface areas pork volumes of the parent 813
decreased with the PTA and catalyst loading. Thie dmmeter decreases suggesting a partial
blockage of the smaller pores of 8k matrix by active species. It can be inferred fribra
structural parameters shown in Table 1 and 3 that ibhcorporation of organometallic
complexes onto both PTA/AD; caused a small decrease in mesopore size, safeagand
pore volume, obviously because of the coverageooé surface with the organometallic
complexes leading to an increase in the origindl theckness and even partial blockage of

the mesoporous channels.
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Figure 4. Pore volume frequency of supports andlysts estimated by BJH method (Rh-
PTA/ALLO3*: [Rh(COD)(4)]/PTA/ALO:*Y
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Figure5. **P NMR spectrum of compound 4
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Figure 6. 'H NMR spectrum of compound 4
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Figure 7. *P NMR spectrum of [Rh(COD)(4)]|BF
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Hydrogenation of 5-(2-chlor o-4-trifluoromethyl)-phenoxy-2-nitr o-(Z2)-a-acetamido-
cinnamic acid methyl ester

Synthesis of a racemic sample

The catalyst was prepareth,situ” by mixing [Rh(COD}|BF, (4.1 mg, 0.01 mmol) with
PPh (5.8 mg, 0.022 mmol) in 5 mL MeOH and the reactmoixture was stirred for 10
minutes. 1.25 mmol substrate was added and theuraixtas pressurized to 5 bar with. H
Preparation of the samplefor analysis

1 mL of the homogenous reaction mixture was evapdrand the remaining yellow solid was
filtered through a short pad of silica with ethyletate eluent to remove the catalyst. The
filtrate was evaporated and the remaining whitelseas dissolved in 10 mL of 2-propanol.
HPLC analysis

Conditions: Kromasil 3-CelluCoat, 4.6x150 mm, 4D, n-hexane/2-propanol = 95/5, flow
rate = 0.3 mLmifl, pressure = 43 bar, detection wavelength = 275 nm.

Figure 8. HPLC chromatogram of the racemic sample

diamidit2seq AFME 3/3/2011 2:13:35 PM
Chromatogram

80000 +
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Retention Time [min]

Peak Information

#| tR [min] |Area [pV-sec]|Height [uV]| Area% |Height%
1 98.291 4641732 28212] 50.184| 53.411
2 107.209 4607745 24609 49816 46.589
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Asymmetric hydrogenation of 5-(2-chlor o-4-trifluor omethyl)-phenoxy-2-nitr o-(Z2)-a-
acetamidocinnamic acid methyl ester (Table 2, Entry 12)
COOMe
QCI o NHAc
O—< E:NOQ
The catalyst was prepareth,situ” by mixing [Rh(COD}|BF, (4.1 mg, 0.01 mmol) with
compound4 (6.9 mg, 0.011 mmol) in 5 mL MeOH and the reactioture was stirred for
10 minutes. 1.25 mmol substrate was added and tttarewas pressurized to 5 bar with.H
Preparation of the samplefor analysis
1 mL of the homogenous reaction mixture was evapdrand the remaining yellow solid was
filtered through a short pad of silica with ethyletate eluent to remove the catalyst. The
filtrate was evaporated and the remaining whitelseas dissolved in 10 mL of 2-propanol.
HPLC analysis

Conditions: Kromasil 3-CelluCoat, 4.6x150 mm, 4D, n-hexane/2-propanol = 95/5, flow
rate = 0.3 mLmifl, pressure = 43 bar, detection wavelength = 275 nm.

Figure 9. HPLC chromatogram of the product

diamidit2seq AFME 3/3/2011 2:10:45 PM
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Figure 10. H NMR spectrum of methyl 2-acetamido-3-(5-(2-chldro
(trifluoromethyl)phenoxy)-2-nitrophenyl)propanoate
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Hydrogenation of 3-metoxy-4-acetoxy-(Z)-a-acetamidocinnamic acid

COOH

NHAc
MeO

AcO

Synthesis of a racemic sample

The catalyst was prepareth,situ” by mixing [Rh(COD}|BF, (4.1 mg, 0.01 mmol) with
PPh (5.8 mg, 0.022 mmol) in 5 mL MeOH and the reactioixture was stirred for 10
minutes. 1.25 mmol substrate was added and theuraixtas pressurized to 5 bar with. H
Preparation of the samplefor analysis

1 mL of the homogenous reaction mixture was transfieinto a test tube and diazomethane
in diethyl-ether was added and stirred for 1 h2at°C. After evaporation of the solvents the
remaining yellow solid was filtered through a shpad of silica with ethyl acetate eluent to
remove the catalyst. The filtrate was evaporatetitha remaining white solid was dissolved
in 10 mL ofn-hexane/2-propanol = 90/10.

HPLC analysis

Conditions: Kromasil 3-AmyCoat, 4.6x150 mm, ) n-hexane/2-propanol = 90/10, flow
rate = 0.25 mLmiH, pressure = 18 bar, detection wavelength = 275 nm.

Figure 11. HPLC chromatogram of the racemic sample

diamidit2seq AFME 9/6/2011 11:37:45 AM
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Asymmetric hydrogenation of 3-metoxy-4-acetoxy-(Z)-a-acetamidocinnamic acid (Table

2, Entry 9)
COOH
- NHAc
MeO
AcO

The catalyst was prepareth,situ” by mixing [Rh(COD}|BF, (4.1 mg, 0.01 mmol) with
compound4 (6.9 mg, 0.011 mmol) in 5 mL of propylene carbenaind the reaction mixture
was stirred for 10 minutes. 1.25 mmol substrate adaked and the mixture was pressurized to
5 bar H.

Preparation of the samplefor analysis

The conversion was determined 1y NMR spectroscopy. Since propylene carbonate hinde
HPLC measurement, the suspension of the reacti@turaiwas filtered through a short pad
of silica and washed with diethyl ether to remokie teaction solvent. The product was
washed with methanol from the column. 1 mL of tlmnbgenous solution was transferred
into a test tube and diazomethane in diethyl etiws added and stirred for 1 h at -ZD
After evaporation of the solvents the remainindowelsolid was filtered through a short pad
of silica with ethyl acetate eluent to remove thgéatyst. The filtrate was evaporated and the
remaining white solid was dissolved in 10 mLnetiexane/2-propanol = 90/10.

Figure 12. HPLC chromatogram of the product

diamidit2seq AFME 9/6/2011 1:45:10 PM
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Asymmetric hydrogenation of 3-metoxy-4-acetoxy-(Z)-a-acetamidocinnamic acid (Table

2, Entry 9)
COOH
- NHAc
MeO
AcO

Preparation of the samplefor analysis

The conversion was determined 1y NMR spectroscopy. The reaction mixture was fiter

The solid was washed with diethyl ether and let diye resulting white solid was dissolved

in MeOH. Small amount of this homogenous soluticaswransferred into a test tube and

diazomethane in diethyl ether was added and stiaet] h at -20°C. After evaporation of the

solvents, the remaining white solid was dissolvedd mL ofn-hexane/2-propanol = 90/10.

Figure 13. HPLC chromatogram of the product

diamidir2seq AFME 9/6/2011 10:07:06 AM
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Figure 141H NMR spectrum of filtered L-DOPA precursor (TalleEntry 9)
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Figure 15. Racemic sample mixed with the filtereaidoict of Entry 9

diamidit2seq AFME 9/6/2011 10:05:49 AM
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Asymmetric hydrogenation of (Z)-a-acetamidocinnamic acid methyl ester
COOMe

NHAc

The conversions of the hydrogenation reactionZpifacetamidocinnamic acid methyl ester
and the enantiomeric excesses of the product wetezrdined by chiral GC using a Hewlett
Packard HP 4890 D, equipped with CHIRASIL-L-VAL gain (25 m x 0.25 mm, df = 0.12
um), N, as carrier gas, a split/split less injector at 260and a FID at 250 °C. Temperature
program: 2 min at 140 °C; 2 °C/min from 140 °C ®01°C; 40 min at 180 °C. Retention
times were 12.3 min forR), 13.2 min for §-product, and 22.1 min fol2)-a-
acetamidocinnamic acid methyl ester.
Asymmetric hydrogenation of acetamidoacrilyc acid methyl ester

COOMe

NHAc
The conversions of the hydrogenation reactionscefaamidoacrilyc acid methyl ester and the
enantiomeric excesses of the product were detethbigechiral GC using a Hewlett Packard
HP 4890 D, equipped wit-Dex 255 column (30 m x 0.25 mm, df = 0.2%), N, as carrier
gas, a split/splitless injector at 250 °C, and B &t 250 °C. Retention times at 140 °C
isotherm were 6.7 min fo§, 7.4 min for R) -product, and 5.9 min for acetamidoacrilyc acid
methyl ester.

Asymmetric hydrogenation of (Z)-a-acetamidocinnamic acid
COOH

NHAc

1 mL homogenous sample of the reaction mixture syivanetric hydrogenation o&Z)-a-
acetamidocinnamic acid were methylated with,RHafter the reaction. The conversions of
the reaction and the enantiomeric excesses ofrtaupt were determined by chiral GC using
a Hewlett Packard HP 4890 D, equipped with CHIRA&IWAL column (25 m x 0.25 mm,
df = 0.12um), N, as carrier gas, a split/split less injector at 2680 and a FID at 250 °C.
Temperature program: 2 min at 140 °C; 2 °C/min fro#0 °C to 180 °C; 40 min at 180 °C.
Retention times were 12.3 min foR)( 13.2 min for §-product, and 22.1 min fo{2)-a-

acetamidocinnamic acid methyl ester.
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Asymmetric hydrogenation of 2-methoxy-(Z)-a-acetamidocinnamic acid

COOMe
MeO —
NHAc

The conversions of the hydrogenation reactions-wfethoxy-g)- a-acetamidocinnamic acid
methyl ester and the enantiomeric excesses of th@éupt were determined by chiral GC
using a Hewlett Packard HP 4890 D, equipped withRASIL-L-VAL column (25 m x 0.25
mm, df = 0.12um), N, as carrier gas, a split/split less injector at 260and a FID at 250 °C.
Temperature program: 2 min at 140 °C; 2 °C/min fro#0 °C to 180 °C; 40 min at 180 °C.
Retention times were 21.9 min f&R)( 22.6 min for §-product, and 34.9 min for 2-methoxy-
(2)-a-acetamidocinnamic acid methyl ester.

Asymmetric hydrogenation of 4-methoxy-(Z)-a-acetamidocinnamic acid

COOMe

NHAc

MeO
The conversions of the hydrogenation reactions-wfethoxy-g)-a-acetamidocinnamic acid
methyl ester and the enantiomeric excesses of tb@upt were determined by chiral GC
using a Hewlett Packard HP 4890 D, equipped withRASIL-L-VAL column (25 m x 0.25
mm, df = 0.12um), N, as carrier gas, a split/split less injector at 260and a FID at 250 °C.
Temperature program: 2 min at 140 °C; 2 °C/min frbf0 °C to 180 °C; 40 min at 180 .°C
Retention times were 25.7 min f&R)( 26.3 min for §-product, and 53.6 min for 4-methoxy-
(2)-a-acetamidocinnamic acid methyl ester.

Asymmetric hydrogenation of dimethyl itaconate

MeOOC

COOMe
The conversions of the hydrogenation reactionsimiethyl itaconate and the enantiomeric
excesses of the product were determined by chi@alu&ng a Hewlett Packard HP 4890 D,
equipped withp-Dex 255 column (30 m x 0.25 mm, df = 0.@&), N, as carrier gas, a
split/split less injector at 250 °C, and a FID 802C. Retention times at 85 °C isotherm were
18.8 min for R), 20.0 min for §-product, and 27.6 min falimethyl itaconate.

1 R. L. Augustine, S. K. Tanielyan, N. Mahata, YadzA. Zsigmond, H. Yangpplied Catalysis A:
General, 2003,256, 69.
2 Z. Shan, J. C. Jansen, W. Zhou, T. Maschm&pglr Catal. A, 2003,254, 339-343.



