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The Cu/ZnO/Al,0; catalyst for hydrogenation of L-phenylalaninate to L-phenylalaninol was prepared by
a co-precipitation method, and characterized by XRD, low-temperature N, adsorption, H,-TPR, N,O
chemisorption and ICP. The results show that the physicochemical properties of catalysts are greatly
affected by the ZnO amount, and the exposed copper surface area, dispersion of CuO and BET surface
area of Cu/ZnO/Al,Oj; catalyst with Cu/Zn/Al = 1/0.3/1(mol) reach the largest. The chemoselectivity of L-
phenylalaninol is changed with ZnO amount in the Cu/ZnO/Al,O; catalyst, and when Cu/Zn/Al =
1/0.3/1(mol) in the Cu/ZnO/AL, O3 catalyst, it exhibits higher catalytic performance and chemoselectivity
to L-phenylalaninol. Furthermore, the effect of temperature, pressure, reaction time and the molar ratio of
catalyst to ester on the catalytic hydrogenation of L-phenylalaninate were investigated. The catalytic
hydrogenation of L-phenylalaninate was operated at 110 °C and 4 MPa of H, for 5 h, the yield of L-

phenylalaninol can reach 69.2 %, and its ee selectivity is 99.84 %.

1. Introduction

The formation of chiral amino alcohols, especially L-
phenylalaninol, has become the subject of considerable efforts
because of their importance in asymmetric synthesis, peptide and
pharmaceutical chemistry, resolution of racemic mixtures,
synthesis of insecticidal compounds, and so on ''°.

L-phenylalaninol has often been prepared by reducing the
corresponding L-phenylalanine or esters. In most cases, the metal
hydrides were used as a reducing agent, which are reactive at low
temperature thereby guaranteeing the integrity of the stereogenic
center. It was reported that, LiAIH, ''"'2, LiAIH,-THF ", BH; 4,
NaBH, (NaBHLiCl, NaBH,/TiCl,, NaBH,/CeCl;, NaBH,-I,-
THF, NaBH,/Cyanuric chloride, NaBH/L,) ', KBH,-CaCl, ',
Zn(BH,), 2 LiBHy/DCC %, Lewis base catalysts 2% have been
employed for the reduction of L-phenylalanine or esters to obtain
L-phenylalaninol. Even though those reactions can be carried out
at room temperature on a 100-150g scale, the costs and the large
3s amount of waste render this methodology less attractive for
technical application *°. Therefore, another approach of catalytic
hydrogenation is obviously more attractive. However, carboxylic
acids and esters are the least reactive functional groups for the
classical hydrogenation catalysts, and the reaction temperature
of > 200 °C is usually needed for efficient transformation, which
will cause the racemization of products *.

The industrial prospect of amino alcohols is driving the
research of catalysts for the effective hydrogenation of amino
acid or esters for a very long time. From the earliest reports by
Ovakimian, Kuna and Levene, Raney nickel was used as the
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catalyst for a hydrogenation of esters of certain amino acids to
amino alcohols at 35~100 °C *’. 10 years ago, Nishimura’s
catalyst (mixed Pt/Rh oxide of 45.9%Rh and 19.9%Pt) was
reported to catalyze hydrogenation of amino esters to
corresponding amino alcohols at 25 °C under 10 MPa hydrogen
pressure without racemization, while phenyl group was
catalytically hydrogenated to cyclohexyl group simultaneously *°.
Recently, a ruthenium complex was found to catalyze the
hydrogen reduction of optically active esters to the corresponding
chiral alcohol without loss of optical purities. A variety of
optically active esters can be reduced to the corresponding
alcohols in excellent yield without loss of their optical purity or
causing undesirable side reactions, but for amino esters 28,

As is well-known, copper containing catalysts are widely used
in a hydrogenation of esters to alcohols, because they allow
selective hydrogenation of carbon-oxygen bonds and are
relatively inactive for carbon-carbon bond hydrogenolysis *.
Among them, Cu/ZnO/AL,O; catalysts are typical catalysts, and
are employed in synthesis of methanol ***, synthesis of N-
ethylethylenediamine **, gas phase hydrogenolysis *° and
hydrogenolysis of glycerol to propylene glycol . However, the
effect of ZnO promoter in copper catalysts is a matter of
controversy in the hydrogenation of esters to alcohols. Some
research works suggest that Zn can increase electron density on
copper and can store or activate hydrogen *’°. It was reported
that, in the Cu-ZnO mixed oxide highly active and epitaxial
bound metallic copper platelets can be formed after a reduction of
catalyst ****. Kawamura et al. thought that the presence of Zn can
increase the dispersion of Cu particles . Despite there are lots of

75 works done on the copper catalysts for a hydrogenation of fat
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esters to alcohols, no detailed research works have been reported
on the copper catalyst for hydrogenation of amine acids or esters
to corresponding alcohols.

In this paper, we have developed the Cu/ZnO/Al,O; catalyst
for hydrogenation of methyl L-phenylalaninate to methyl L-
phenylalaninol under mild reaction conditions, in which the
catalyst is very cheap and highly effective. The Cu/ZnO/Al,0;
catalyst was prepared by the co-precipitation method and exhibits
higher activity and selectivity for methyl L-phenylalaninol
synthesis by L-phenylalaninate hydrogenation, which may be
useful for the commercial application of the catalyst in
hydrogenation of L-phenylalaninate to methyl L-phenylalaninol.
This reaction formula is described as follows:

OCH, OH
H
oO_ 7 o + CH,0H
NH, Cu/ZnO/Al,04 NH,

2. Experimental
2.1. Catalyst preparation

The Cu/ZnO/Al,0; catalysts were prepared by the co-
precipitation  method.  The  starting  materials  were
Cu(NO3)2'3HQO, ZH(NO3)2'3HQO, Al(NO3)33H20 (AR,
Sinopharm Chemical Reagent Ltd.) and solved in de-ionized
water to form 1 mol/L aqueous solution. 10 % ammonia aqueous
solution was added into 1 mol/L AI(NOs); solution until pH 8.0,
and 0.5 mol/L Na,COs solution was added into a mixed solution
of 1 mol/L Cu(NO;), and 1 mol/L Zn(NO;), until pH 8.0, in
which 10 % ammonia aqueous solution and Na,CO; solution
were used as a precipitating agent. After two as-prepared
solutions were mixed under stirring, this synthesis solution was
aged for 5 h at 70 °C under stirring in an oil bath, and then it was
30 cooled to room temperature at static condition and kept for 2 h.
The precipitate was filtrated, and washed with de-ionized water
and ethanol until the filtrate is neutral. After dried in air at 120 °C
for 24 h, the catalysts were calcined at 450 °C for 4 h, and
pressed and crushed to 0.45-0.85 mm (2040 mesh). The resulted
Cu/ZnO/Al,O5 catalysts with different Zn amounts were termed
as C0, C1, C3, C4, C5 and C7, respectively. The compositions of
Cu/ZnO/Al,O;5 catalysts are listed in Table 1.

2.2. Catalyst characterization

The compositions of Cu, Zn and Al in the Cu/ZnO/Al,O3
catalysts were analyzed by inductively coupled plasma-atomic
emission spectroscopy (ICP, Optical Emission Spectrometer,
optima 7000 DV). The surface areas of catalysts were measured
by a N, adsorption at =196 °C on a Micrometrics ASAP 2020
apparatus and calculated by the Brumauer-Emmett-Teller (BET)
method.

The powder X-ray diffraction (XRD) patterns of catalysts were
recorded on a PANalytical PW 3040/60 X’Pert PRO
diffractometer with Ni-filtered CuKoa radiation and operated at 40
kV and 40 mA. The average crystallite sizes of catalysts were
calculated based on the diffraction peak broadening by the
Scherrer equation.
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H,-temperature-programmed ~ reduction  (H,-TPR)  was
performed on a flow system equipped with a thermal conductivity
detector (TCD). 50 mg catalyst was used and pretreated at 350 °C
for 1 h under N, flow of 50 mL/min. After it was cooled to roo
temperature under N,, it was flushed by 10 % %Amfcl rg)nlme
mL/min instead of N, and TPR of sample was run from room
temperature to 500 °C at 10 °C/min. Effluent gas was dried by
powder KOH and consumption of hydrogen was analyzed by
TCD. The amount of hydrogen consumption was calibrated by
using known amount of CuO 4 and denoted as X. The amount of
surface metallic copper sites was determined by dissociative N,O
adsorption at 50 °C **, and the experiment procedure was as
follows: the catalyst was first reduced in the TPR procedure
described above by 10 % H,/N, (50 mL/min) at room temperature
to 500 °C. Then the catalyst bed was purged with N, (50 mL/min)
and cooled to 50 °C, and was oxidized in 2 % N,O/He (50
mL/min) at 50 °C for 0.5 h. Finally, this catalyst was flushed with
N, to remove the N,O oxidant and cooled to room temperature to
start second TPR run. Hydrogen consumption in the second TPR
was denoted as Y. The dispersion of Cu and exposed Cu surface
area were calculated as following equations:

All copper atoms were reduced in the first TPR:

CuO + H, — Cu + H,0, hydrogen consumption = X

Surface copper oxidized by N,O at 50 °C, which is Cu,O, was
reduced in the second TPR:

Cu,0 + Hy — 2Cu + H,0, hydrogen consumption =Y

The dispersion of Cu (D¢,) and exposed Cu surface area (Sc,)
were calculated as follows:

Deo= (2 X Y/X) % 100 %
Scu =2 % Y x Nyy/(X X Mg, * 1.4 x 10"%) = 1353 x Y/X
(mZCu/gCu)

Where Ny = Avogadro’s constant, M¢, = relative atomic mass
(63.456 g/mol), 1.4 x 10" comes from that an equal abundance of
an average copper surface atom area of 0.0711 nm? (equivalent to
1.4 x 10" copper atoms per square meter).

2.3. Testing of catalyst performance

The performance of catalyst for methyl L-phenylalaninate
hydrogenation was tested in 0.5 L stainless steel autoclave under
stirring at a speed of 500 rpm. Prior to the catalytic activity
measurement, 1 g (20—40 mesh) catalyst in the stainless steel
autoclave was reduced in Hy (> 99.999 %) of 1 MPa at 250 °C for
4 h, then the autoclave was cooled to room temperature under H,
and methyl L-phenylalaninate diluted in ethanol (> 99.999 %)
was introduced. The typical reaction condition is at 80 °C and 3
MPa of H, for 5 h, and the mass ratio of catalyst/L-
phenylalaninate (Cat./L-p) is 1. Reactants and products were
analyzed by High Performance Liquid Chromatograph (HPLC)
equipped with an ultraviolet detector and fitted with a column
(eclipse XDB-C18, 150 x 4.6 mm, 5 um column P/N 993967-
902). The operated conditions of HPLC were that, mobile phase
was 0.05 mol/L ammonium acetate (pH = 5)/methanol (30/70) of
0.6 mL/min, detection wavelength of 254 nm, injection volume of
6 pL, and column temperature of 20 °C. The conversion of

10s methyl phenylalaninate (X) and chemoselectivity to methyl L-
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phenylalaninol (S) was calculated respectively as follows:

X (%) = (molar amount of L-phenylalaninate converted/total
molar amount of L-phenylalaninate in the feed) x 100

S (%) = (molar amount of L-phenylalaninol formed/total molar
amount of L-phenylalaninate in the feed) x 100

Yield of L-phenylalaninol (%) =X x S

3. Results and Discussion
3.1. Textural and structural properties of catalysts

In preparation of Cu/ZnO/Al,0; catalysts, the molar
compositions of Cu, Zn and Al in synthesis solutions and
prepared copper-based catalysts are listed in Table 1. It can be
seen that the compositions of Cu, Zn and Al in Cu/ZnO/Al,O3
catalysts are similar to those in synthesis solutions.

Table 1. The molar compositions of Cu, Zn and Al in Cu/ZnO/Al,O3
catalysts

In synthesis gel In solid catalyst®

Catalyst 0 "0 Al Cu Zn Al
o 1 0 1 107 @99 0 1
cl o011 108(473) 010 1
c3 103 1 103(412) 032 1
C4 04 1 1.03(388) 044 1
cs 105 1 107(37.6) 055 1
c7 107 1 105(344) 073 1

It was analyzed by ICP; ® The value in brackets is Cu amount (wt.%) in
the catalyst.
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The XRD patterns of the Cu/ZnO/Al,O; catalysts are shown in
Fig.1. It can be seen that, there are no diffraction peaks of Al,O3,
which shows that AlL,O; in the Cu/ZnO/Al,O; catalysts is
amorphous or high-dispersed in both fresh and reduced
Cu/ZnO/Al,0O; catalysts. In the XRD patterns (Fig. 1A) of fresh
catalysts, the characteristic diffraction peaks of CuO can be
observed at 20 = 35.56, 38.77, 48.66, 53.74, 58.29, 61.53, 66.07
and 68.19° (PDF 48-1548). For the reduced catalysts, the peaks
of CuO disappear and the peaks of metallic copper can be
observed at 20 = 43.24 and 50.33° (PDF 04- 0836) (Fig. 1B),
indicating that CuO has been reduced to Cu’. Similar XRD
results have been reported by Y.H. Feng et al. for Cu/ZnO/MO,
(MOx = AL,04, TiO,, and ZrO,) catalysts B3] In the XRD patterns
of both fresh and reduced catalysts, the characteristic peaks of
ZnO appear at 20 = 31.71, 33.95, 36.26, 47.72, 56.71 and 62.83°
(PDF 36-1451) when the ZnO amount reaches Zn/Cu = 0.7 (mol),
3s which show that ZnO in Cu/ZnO/ALO; catalysts cannot be
reduced under this reduction condition. When Zn/Cu < 0.7 (mol)
in the catalyst, such as the C5 catalyst, no diffraction peaks of
ZnO can be observed, which should be ascribed to its high
dispersion in the catalyst.

The average crystallite size of Cu’ in the reduced catalyst was
calculated based on the XRD patterns by the Scherrer equation
and their results are shown in Table 2. We can find that the
crystallite size of Cu® is varied with the ZnO amount. When the
Zn/Cu < 0.7 (mol) in the catalyst, the average crystallite size of
Cu’ in the reduced catalyst is decreased with an increase in the Zn
amount, in which the diffraction peaks of ZnO cannot be

S

by

=]

observed. For the reduced C7 catalyst with Zn/Cu = 0.7 (mol), the
diffraction peaks of ZnO can be obviously observed. The
crystallite size of Cu” is decreased conversely with an increase in

so the Zn amount. This is attributed to the separatlon of Zn

Artlc e%lﬁlne

CuO phases in the Cu/ZnO/Al,O; catalyst when the n amount is
higher (Fig.1A).

Intensity
o O
- w

10 20 30 40 50 60 70
2 Theta (degree)

Intensity
8 R

Cco

10 20 30 40 50 60 70
2 Theta (degree)

ss Fig.1. XRD patterns of (A) fresh and (B) reduced Cu/ZnO/ALO; and

Cu/Al,0; catalysts. (a—ZnO; b—CuO; c—Cu’)

The BET surface areas of Cu/ZnO/Al,O; catalysts derived
from nitrogen physisorption are listed in Table 2. The results
show that with an increase in the ZnO amount, BET surface areas
of catalysts firstly increase and then decrease. The minimum
surface area was obtained for C5 and C7, which is 77 mz/g, and
C3 exhibits the maximum surface area of 160 m*/g.

The metallic copper surface area (Sc,) of catalyst was
investigated by means of the reactive N,O adsorption technique,
and the results are shown in Table 2. We can find that the
variation trend of metallic copper surface area with an increase in
the ZnO amount is similar to that of BET surface area. The
minimum surface area of metallic copper was obtained for C5
and C7, which is 34~37 m?/ 8., and C3 has the maximum surface
area of metallic copper (113 mz/gcat). It is well-known, the value
of metallic copper surface area reflects the dispersion of Cu in the
catalyst *°, that is to say, the smaller the metallic coppers surface
area and the lower the dispersion of Cu is. Therefore the C3
possesses the highest dispersion of Cu (D¢,) and the C5 and C7

75 possess the lowest dispersion of Cu, which is agreed with the data
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shown in Table 2. so interaction between Cu and ZnO weakened, resulting in

decreasing the dispersion of CuO in the Cu/ZnO/Al,O; catalyst

Table 2. BET surface areas (Sppr), metallic copper surface areas (Scy), : 16
and the presence of B peak due to the reduction of bulk CuO ™.

dispersions of Cu (D¢,) and Cu crystallite sizes (d) of Cu/ZnO/ALOs

catalysts. Among the Cu/ZnO/Al,O; catalysts, the C3 catalyst \5%1\//%% C1 Onli
1/0.3/1, mol) shows the lowest temperature of reduction pegk. mine
SEr Scu Scu Dcy d . :
Catalyst (m’/g) (Mee)  (meca) %) (nm)* ss The smaller the CuO5 , par'tlc.les and the lower Fhe redgctlon
co 112 189 933 277 16.8 temperature should be **. It is in good agreement with the highest
c1 150 197 932 291 737 surface area of Cu (S¢,) and surface dispersion of Cu (D,,, Table
C3 160 275 113 40.7 6.93 2).
c4 149 233 90.4 345 47 . The ATPR results abgve prove that ZnO can .pr.o.mote the
Cs 77 974 6.6 14.4 150 60 dispersion of copper oxide and enhance the redu.01b111t.y of the
c7 7 100 344 148 6.55 copper phase; the low temperature peak (a peak) is attributed to

the reduction of highly dispersed CuO strongly interacting with
ZnO, and the peak at higher temperature (f peak) is due to the
reduction of bulk CuO *.

91t is the Cu average crystallite size in reduced catalyst and calculated
based on XRD patterns by Scherrer equation.

o

According to the above results, we can see that the Cu
dispersion is correlated with the loading amount of ZnO in
Cu/ZnO/AlL,O5 catalyst. The interaction between ZnO promoter
and Cu can increase the Cu dispersion, while ZnO has occupied
the Cu sites on the catalyst surface, resulting in the decrease of
the effective surface area of Cu. Therefore, we may surmise that
when the loading amount of ZnO is lower (Zn/Cu < 0.3, mol), the
interaction between ZnO and Cu is stronger to make the Cu
dispersion increase, and when the loading amount of ZnO is

>

Intensity
Q
£

@

higher (Zn/Cu > 0.3, mol), much more ZnO has occupied the Cu hea
sites to make the effective surface area of Cu decrease. 27 ' 0
3.2. The reduction properties of catalysts 50 1(')0 1§0 2(')0 zéo 3(')0 3;0

Temperature ("C)
Fig. 2. H,-TPR profiles of the Cu/ZnO/Al,0; catalysts.

20 The H,-TPR technique was used to investigate the reduction s
behaviour of the Cu/ZnO/Al,O; catalysts, and the results are
shown in Fig. 2. The results show that the reduction profiles of all
samples with different ZnO amounts exhibit a broad peak of H,

consumption at 200-320 °C, in which the reduced peaks for CO,
2 C5 and C7 can be disassembled to o and B peaks. The effect of ZnO content on the catalytic performance of the

It is well-known, ZnO and Al,O5 cannot be reduced at below 7 CW/ZnO/ALO;  catalyst for hydrogenation of methyl L-

500 °C, and the presence of ZnO can promote the reduction of phenylalaninate was investigated at 80 °C and 3 MPa of H, for 5
CuO by hydrogen spillover *’; the o and B peaks are ascribed to h and the results are shown in Fig. 3. The results show that the
the reduction of two kinds of Cu species or CuO with two kinds Cu/ZnO/AL 05 and Cu/ALOs catalysts exhibit a high activity, that
30 of sizes. In the former the reduction peak at lower temperature is is, ~100% conversion of L-phenylalaninate can be obtained at
corresponding to Cu®” — Cu" and the peak at higher temperature 7 this reaction condition. However, the yield of desired product
is corresponding to Cu* — Cu®, and in the latter the reduction of (methyl L-phenylalaninol) is different for the different catalysts
two peaks are corresponding to Cu>" — Cu’, in which the peak at and strongly related to the ZnO content in the Cu/ZnO/Al,0O5
lower temperature is due to the reduction of high dispersed CuO catalyst, because of the ZnO content affecting the Cu surface area

35 and the peak at higher temperature is due to the reduction of bulk and Cu dispersion. The results in Fig.3 show that, the methyl L-
CuO ¥ In the TPR curve of CO (CuO/ALOs), there are two  * Phenylalaninol chemoselectivity (CS-nol) over the Cu/AlO;

3.3. Catalytic performance of Cu/ZnO/Al,O4
3.3.1. Effect of the Zn content
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peaks and the o peak area is obviously unequal to that of  peak,
so that it can be conclude that the a peak is ascribed to the
reduction of high dispersed CuO on the catalyst surface and the §
peak is ascribed to the reduction of bulk CuO in the catalyst.
After adding ZnO with lower loading (as C1, C3 and C4 samples),
the two peaks in the TPR curve of CO are overlapped, which
indicates that the presence of ZnO makes CuO homogeneously
disperse by forming the solid solution of Cu-Zn-O * that can be
reduced at markedly lower temperatures compared to CuO >'.
Therefore, the reduction peak temperature in C1, C3 and C4
catalysts are lower than that of  peak in the CO catalyst. With a
further increase in the ZnO loading, the ZnO phase was formed in
Cu/ZnO/Al,05 catalyst (as the XRD spectra of C7 in Fig.1), the

a5

catalyst is 10.7 %, and after adding ZnO in the Cu/Al,O; catalyst,
CS-nol is increased obviously. When Zn/Al = 0.3(mol), that is
using the C3 catalyst, the maximal CS-nol (42.4 %) can be
obtained, and further increasing the ZnO content in the
Cu/ZnO/Al,O;5 catalyst, CS-nol is instead decreased.

As shown in Table 2, the Cu surface area of the Cu/ZnO/Al,O5
catalyst is increased with the BET surface area, and the Cu
dispersion is increased with the Cu surface area. Based on the
BET surface area, Cu surface area and Cu dispersion of the

s Cu/ZnO/AlLO; catalyst, we can find that CS-nol is increased with

the Cu dispersion that is enhanced by increasing Cu surface area.
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Fig. 3. The effect of Zn/Cu in Cu/ZnO/ALO; (Cat./L-p = 1/1) on the
conversion and chemoselectivity of methyl L-phenylalaninol for the
catalytic hydrogenation of methyl L-phenylalaninate at 70 °C and 3 MPa
of H, for 5 h.

3.3.2. Effects of reaction conditions

Based on the results above, among the prepared Cu/ZnO/Al,O;
catalysts, the C3 catalyst is an optimized catalyst for methyl L-
phenylalaninate hydrogenation to methyl L-phenylalaninol.
Therefore the C3 catalyst was used as a model catalyst to
investigate the effect of the reaction condition, such as the
reaction temperature, time, pressure and the Cat./L-p mass ratio
on the yield of methyl L-phenylalaninol (that is the
chemoselectivity to methyl L-phenylalaninol in 100% conversion
of methyl L-phenylalaninate).

The influence of the reaction temperature on the yield of
methyl L-phenylalaninol was investigated at 70 ~ 150 °C and 3
MPa of H, for 5 h and Cat./L-p = 1, and the results are shown in
Fig. 4A. The results show that the yield of methyl L-
phenylalaninol is increased with the reaction temperature, but
when the reaction temperature is more than 110 °C, the increase
of yield is unobvious. Therefore, the appropriate reaction
temperature is 110 °C.

The influence of the reaction time on the yield of L-
phenylalaninol at 110 °C and 3 MPa of H, and Cat./L-p= 1 are
shown in Fig. 4B. It shows that with an increase in the reaction
time from 3 to 5 h, the yield of methyl L-phenylalaninol is
increased, and after 5 h, it is decreased. As the conversion of
methyl L-phenylalaninate is ~100 %, the chemoselectivity to by-
products is increased with the reaction time after 5 h. Therefore
the appropriate reaction time is 5 h when the reaction is operated
at 110 °C.

The effect of the hydrogen pressure on the -catalytic
hydrogenation of L-phenylalanate was studied at 110 °C and
Cat./L-p = 1 for 5 h, and the results are shown in Fig. 4C. It is
observed that the yield of methyl L-phenylalaninol is increased
with the H, pressure, and when the H, pressure is more than 4
MPa, the yield almost remain constant. Hence the appropriate
reaction pressure is 4 MPa.

Fig. 4D shows the effect of the catalyst content (Cat./L-p) on
the yield of methyl L-phenylalaninol. We can see that, when
Cat./L-p is less than 1/1.5, the yield of methyl L-phenylalaninol is
increased with increasing the catalyst amount; when Cat./L-p is
more than 1/1.5, the yield of methyl L-phenylalaninol is hardly
changed with the catalyst amount.
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0 . . . .
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so Fig. 4. Influence of reaction conditions on the yield of methyl L-
phenylalaninol over the C3 catalyst: (A) temperature, (B) time, (C)
pressure and (D) Cat./L-p. (Reaction condition: (A) Cat./L-p = 1, at 3
MPa of H, for 5 h, (B) Cat./L-p = 1, at 110 °C and 3 MPa of H,; (C)
Cat./L-p=1,at 110 °C for 5 h, and (D) at 110 °C and 4 MPa of H, for 5h).

ss  Based on the results mentioned above, the more optimal
reaction conditions for the selective hydrogenation of methyl L-
phenylalaninate to methyl L-phenylalaninol over the
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Cu/ZnO/Al,O5 catalyst can be determined, which are 110 °C, 4
MPa of Hy, 5 h and Cat./L-p = 1/1.5. At this reaction condition,
the yield of methyl L-phenylalaninol can reach 69.2 %. The e.e.
value of the product is 99.84 % obtained by HPLC (with the
separation column of Chiralcel OD, 250 x 4.6 mm) after the
chiral amine of methyl phenylalaninol was protected by benzyl
chloroformate **. The 'H NMR spectrum of methyl L-
phenylalaninol was obtained on a Bruker AVANCE-III 500.
"HNMR(CDCLy): 7.16~7.29 (5H, m, Ph-H), 3.41~3.66 (2H, m, -
CH,-0-), 3 3.15~3.20 (1H, m, CHNH,), 2.51~2.82 (2H, m, CH,
Ph).

o

>

3.3.3. Turn over frequency of catalyst for hydrogenation of
methyl L-phenylalaninate

Turn over frequencies (TOFs) for product ** and average reaction
rates of Cu/ZnO/Al,O5 catalysts for the selective hydrogenation

>

of methyl L-phenylalaninate to methyl L-phenylalaninol are
shown in Table 3. It can be seen that, the C3 catalyst exhibits the
highest yield (69.2 %) and the largest reaction rate (1.16
mmol/g ., h), because of C3 possessing the most active 51tes P
gram catalyst. For TOF, Cu/ZnO/Al,O; is higher thane%u/}\ 6nl|ne
indicating that the presence of Zn enhances the catalytic act1v1ty
of Cu sites. However, TOF of C7 is higher than that of C3, which
gives us enlightenment that the higher effective active sites can
25 be designed and prepared by highly loading Zn to modify Cu
sites, to form more surface defects of metallic Cu (such as step,
kink, edge and so on), because these defect Cu sites exhibit only
catalytic activity. And the higher effective Cu/ZnO/Al,0O; catalyst
can be prepared by increasing the Cu surface area of
30 Cu/ZnO/AlL 05, because the larger the surface area of Cu, the
more the active sites of Cu is and higher its catalytic activity is.

2

S

Table 3. TOFs, reaction rates and product yields for hydrogenation of methyl L-phenylalaninate over Cu/ZnO/ALO; catalysts *.

Yield of methyl

Number of active

Catalyst L-phenylalaninol (%) sites (x10%/ge) TOF (1)° (z\;:l:g/ggi:'e}lltfc
Co 12.8 13.1 0.099 0.21
Cl 532 13.0 0.413 0.89
C3 69.2 15.8 0.441 1.16
C4 61.9 12.7 0.491 1.04
C5 31.0 5.12 0.610 0.52
C7 453 4.82 0.947 0.76

% Reaction conditions: 1.5 g methyl L-phenylalaninate, 1.0 g Cu/ZnO/Al,0; catalyst (Cat./L-p = 1/1.5), 110 °C, 4 MPa of Hy, 5 h. ” Turn over frequencies
for methyl L-phenylalaninol formed, mol product per Cu per hour at 110 °C 3. © The average reaction rate for 5 h.

s 4. Conclusions

In summary, the Cu/ZnO/Al,O; catalyst that shows the highest
catalytic activity and e.e. selectivity to product for hydrogenolysis
of methyl L-phenylalaninate to methyl L-phenylalaninol, was
designed and prepared by a co-precipitation method. The metallic
copper plays the role of active site for hydrogenation reactions,
and ZnO can promote the dispersion of copper (oxide) and
enhance the reducibility of the copper oxide phase. The
appropriate molar ratio of Zn/Cu should be ~0.3.

The Cu/ZnO/Al,O; catalyst with a Cu/Zn/Al molar ratio of
1/0.3/1 shows the highest activity and e.e. selectivity to methyl L-
phenylalaninol. Over this catalyst, methyl L-phenylalaninate was
hydrogenated at 110 °C and 4 MPa of H, for 5 h, the yield of

IS
3

4

b

methyl L-phenylalaninol can reach 69.2 %, and its e.e. = 99.84 %.

Since the Cu/ZnO/AlL,O; catalysts is very cheap and prepared
easily for the selective hydrogenation, further investigation
regarding the catalytic reaction mechanism and improvement of
the chemoselectivity are in progress and will be reported in due
course.
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