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Abstract

The racemization oR-2-amino-1-butanol proceeded effectively over a CosRAl>O3 catalyst in a fixed-bed reactor. The catalyst was char-
acterized by X-ray diffraction, X-ray photoelectron spectroscopy, temperature-programmed reduction, and transmission electron microscopy. Fc
these catalysts, Gavas believed to be the active sites of the catalyst, and the presence of the optimum amount of rhodium led to highly dispersed
active species. The activity, selectivity, and stability of the catalyst were demonstrated, and racemic 2-amino-1-butanol was obtainedwith a yiel
>82% under the optimum reaction conditions.

0 2005 Published by Elsevier Inc.
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1. Introduction In this paper we report a continuous process for the racem-
ization of R-2-amino-1-butanol in a fixed-bed reactor. The ef-

Although many efforts have been made to synthesize chirdects of Rh in Coy-Al;Os catalysts were studied by X-ray

compounds, resolution of racemic mixtures is still a commorfliffraction (XRD), X-ray photoelectron spectroscopy (XPS),

and convenient way to obtain enantiomerically pure compoundt&mperature-programmed reduction (TPR), and transmission

for the pharmaceutical and agricultural industiies Because ~€lectron microscopy (TEM) methods. The catalytic activity and

the theoretical yield of common resolution methods is limited toStability of the Co—Rh/-Al203 catalyst in the racemization of

50%, racemization of the undesirable enantiomer is necessarf-2-amino-1-butanol were also studied.

Compared with the numerous detailed studies on the racemiza- ]

tion of simple alcohols or aminég—4], little attention has been 2- EXperimental

paid to the racemization of chiral amino alcohfis5]. )
S-2-amino-1-butanol is a key intermediate for the synthe-z'l' Materials and catalysts

sis of ethambutol hydrochloride, an important antituberculosis

agent[7,8]. Typically, most processes for the synthesis of 2-

amino-1-butanol produce a racem{@e14], and enantiomeric

They-Al,03 was purchased from Tianjin Research and De-
sign Institute of Chemical Industry, Tianjin, Chin&:2-amino-
. ; . . __1-butanol (99%) was obtained from Xinxiang Jujing Chemical
pure $-2-amino-1-butano] is obtained through the resolution; ; v 4 C(()mpa)ny Xinxiang, China. Commgerci]allf/J available
of racemicg, §-2-amino-1-butanol. The unwantgti2-amino- o0 o reagents were used without further purification.
1-butanol is converted back to the racemate for recycling. In The supported metal oxide catalysts were prepared by the
previous studies, the racemization Bf2-amino-1-butanol re- impregnation ofy-Al,Os (BET area— 165 n/g) with an
quired ammonllg igd could not be readily adapted to a Contlnufiqueous solution of the corresponding transition-metal nitrates,
ous proces{5,15,16] and then dried and calcined under air at 360for 4 h. Fi-
nally, the obtained catalysts were reduced for activation in
* Corresponding author. Fax: +86 22 27406314 a hydrogen stream at 48CQ before use. For example, the
E-mail address: Igchen@tju.edu.c(L. Chen). Cop7.2Rhg 1/y-Al203 catalyst was prepared as follows: 13.4 g
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Co(NQGgs)2 - 6H20 and 3.0 g of the solution of Rh(N{p inwa-  Table 1
ter (Rh content, 10.0% w/w) were dissolved in 20.0 g0  Results of different catalysts for the racemizatiorRef-)-2-amino-1-butanél

then 10.0 gy-Al,03 was added to the solution. After the mix- Entry Catalyst Recovery Conversion
ture was impregnated for 24 h, the mixture was dried at°T10 ratio (%) ratio (%)
for 10 h, calcined under nitrogen at 550 for 4 h, and finally 1 Nigg oy -Al203 438 418
reduced in a hydrogen stream at 48D before use. The Co 2 Cuzg.¢y-Al203 526 283
and Rh content were determined by inductively coupled plasma’ Cayo gy -Al203 781 100

4 Copg gly-Al203 819 100
(ICP) spectroscopy. 5 Cono.0/7-Al20s 803 437

6 Cop7 oRhg 4/y-Aly03 896 100
2.2. Catalyst characterization 7 C027.4Cr3.1/y -Al203 883 982

8 Copp.gSh o/y-Al203 859 992

9 Cop7.gRhg.9ly-Al203 87.3 100

The composition of the catalysts was measured with an ICR0 Co7.3Rhg o/y-Al203 839 97.6

instrument. The XRD patterns of the samples were recorded reaction conditions: temperatuge150°C, hydrogen pressuee 3.0 MPa,

with a Rigaka D/max 2500 X-ray diffractometer using Cy-K concentration of the solutiog 20%, solvent HO.

radiation (40 kV, 100 mA) in the range 10-90XPS mea- b The number in this column denotes the weight percentage of each element
surements were recorded with a PHI 1600 spectrometer usm’@,the final catalyst. Prepared by the common impregnation method.

a Mg-K, X-ray source for excitation. A Micromeritics 2910
apparatus equipped with a TCD detector was used for TP
measurgmeqts, carrled out on calcined samples at a'rate §.f1. Catalyst selection and characterization
10°C/min using a mixture of 10% kAr. TEM was done using

Q. Results and discussion

a TECNAT GF-20 instrument. Selecting a suitable catalyst is crucial to the racemization
of R-2-amino-1-butanol. It is well known that the nature of
2.3. Racemization procedure the racemization of a chiral amine or alcohol is the dehydro-

genation/hydrogenation process in the presence of hydrogen
The racemization ofR-2-amino-1-butanol was carried out and transition metal catalysts. In consideration of previous work

in a tubular fixed-bed reactor with an inner diameter of 15 mml17-20} copper, nickel, and cobalt were believed to be active
and length of 1100 mm. The reactor was loaded with 15.0 &gtalysts for this kind of reaction. Thus a series of copper-,
of catalyst. The solution of th&-2-amino-1-butanol in water Nickel-, and cobalt-based catalysts were prepared and examined
was dosed into the reactor at a speed of 1mih by a syringe for the racemization oR-2—_am|n_o—1_—butanoI. A representative
pump. The temperature in the reaction zone was measured wiiRmple of the results obtained is giveriable 1

a thermocouple located in the center of the tube and regulated ' "€ experimental results showed that the degree of racem-
by a PID cascade controller. The hydrogen pressure in the realZAtion of R-2-amino-1-butanol was low with copper- and

tion system was set by a TESCOM back-pressure regulator. Fhickel-based catalysts, whereas the racemization proceeded ef-
nally, the reaction mixtures were collected and distilled to yielg'€Ctively with cobalt-based catalysts. With the help of GC-MS,

racemized 2-amino-1-butanol. The reaction mixtures were an(;onsiderable amounts of the dimers of the raw materials were

alyzed by gas chromatography—mass spectroscopy (GC_Méﬁetected in the reaction mixtures catalyzeq by copper- or ni_ckeI-
using a 25-m SE-54 capillary column, and the optical rotatiorpased catalysts. Therefore, copper and nickel were considered

data were obtained with a WZZ-3 autorotation analyzer. to be similar or more ac'uye for the dehydrogenation of @h_e hy-
droxyl group than the amino group. In contrast, the activity of

cobalt for dehydrogenation is moderate; it favors the dehydro-
genation of the amino group. In addition, some metals (e.g.,
Rh, Cr, Sr, Fe, and Mg) have been used as promoters to Co/
The catalysts performances were estimated by the following -A| ,05 catalysts. Subsequently, this catalyst was optimized

2.4. Dataanalysis

recovery ratio and conversion ratio: by examining the ratios of the active components. The exper-
[«]: optical rotation conversion ratio ¢é] = 100%, repre-  imental results showed that the £50-Rhs 1/y-Al,O3 catalyst
sents a racemic mixture, was the most effective catalyst.
To study the effect of rhodium on the GeAl,O3 catalyst,
conversion ratio ofo] we characterized reduced £@/y-Al,03 and Co7Rhs 1/
[12° of 2-amino-1-butanol y-Al,03 samples by XRD. The XRD patterngif. 1) showed
_ [ ___recovered by distillation :| « 100, the typical diffraction lines of bulk Co, accompanied by small
[«]2° of 2-amino-1-butanol fed peaks of crystalline CoAD,4, which are the result of the in-
teraction of cobalt species with the-Al,O3 carrier and its
recovery ratio of 2-amino-1-butanol stability in the reducing atmosphere. Detection of the crystal
amount determined of 2-amino- lattice parameters proved the existence of this phase. Compar-
_ 1-butanol after the reaction ., 100, ing curves a and b, the crystals of the cobalt species were found

amount fed of 2-amino-1-butanol to be smaller and broader in the £0Rhs 1/y-Al 2,03 catalyst.
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Fig. 1. XRD patterns of the Gg g/y-Al,03 and C7 sRhg 1/y-Al203.
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This suggests that a function of rhodium is to preserve the dis-
persion of the Co active species. A peak of CoO was observed
in the XRD pattern of the Cg gy -Al 03 catalyst but was not
found in the reduced GosRhg 1/y-Al20O3 catalyst, implying

that rhodium could improve reduction of the catalyst; however,
XRD showed no indication of a rhodium phase in the sample.
We suggest that Rh is present either as a highly dispersed Rh
phase or as a CoRh alloy not detectable by XRD.

Fig. 2 shows the differences between the reducedy@o
y-Al,03 catalyst and the Gg sRhg 1/y-Al,03 catalyst by the
XPS characterization. The binding energy of the Gg2line
is 780.5 eV in the Cgy ¢y -Al,03 catalyst and 779.9 eV in the
Caop7.0Rhg 1/y-Al203 catalyst. After a curve-fitting procedure
was applied, C& CoO, and CoAlO4 were all observed on the
surface of the Cgy sRhg 1/y-Al 203 catalyst. The small particle
sizes and the fact that more surface Co atoms are present mean
that the Co atoms are easily oxidized during the pretreatment
sten in the XPS measurement. This miaht be the reason why
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Fig. 2. XPS spectroscopy of the &pg/y-Al203 and Ce7 oRhg 1/y-Al»03.
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Cd® was not observed on the ggy/y-Al,03 catalyst surface.
Because no racemization occurred when unreduced catalys
were used for the racemization, we conclude tha? Bothe
active center. The binding energy of Rh in the &gRhg 1/
y-Al,03 catalyst was 306.7 eV, indicating that rhodium was
present as Bhwhich can highly disperse the €and stabilize

it. This result also supports the previous conclusion.

The TPR profile of the Cg& ,Rhg 1/y-Al 203 catalyst showed
two peaks. The main peak, at 393, is due to the trans-
formation from CaO4 to CoO and is lower than that of the
Coly-Al,03 catalyst (at 407C); the minor peak, at 47,
can be ascribed to the reduction of CoO to Co and is lower tha
that of the Cap-Al 03 catalyst (at 490C). Berge et al. pointed
out that CoAbO4 can be reduced only above 800-3@)[21];
therefore, CoAlO, will not be reduced during the reduction
process. The doping of rhodium was expected to affect thi
reduction process. These results are in agreement with the pr
vious XRD and XPS analyses.

The surface morphologies of the $£@/y-Al,O3 and
Cop7.0Rhg 1/y-Al2,03 catalysts were characterized by TEM
(Fig. 3). The active species particles were dispersed on thE™=
surface of the carrier, which were identified as cobalt by energy- @
dispersive X-ray analyses, with diameters of 10-60 and 5- = &¥ "%
30 nm, respectively. The smaller size is due to the doping o
rhodium, which can be highly dispersed and can prevent sintel
ing of the active species.

3.2. Catalytic activity testing

To achieve the best catalytic results, the reaction parame
ters, including theR-2-amino-1-butanol concentration of the
solution, temperature, and hydrogen pressure, were optimize
Because a continuous process for the racemizatio®-@f
amino-1-butanol in a fixed-bed reactor has been proven pos
sible, a life test had to be carried out. The life test was per.s
formed under the optimum reaction conditions over 30 days! 4
During this period, the catalyst demonstrated excellent stability
the conversion ratio remained at 100-96.2%, and the recovel
ratio remained above 86%. Thus the total yield of racemizec
2-amino-1-butanol was 82%, indicating that the catalyst can
be used economically in large-scale production.

4. Conclusions

The racemization oR-2-amino-1-butanol over cobalt-based * “1-&: . :
catalysts in a fixed-bed reactor proved to be best over a (b)
Cap7.2Rhg 1/y-Al 203 catalyst. The proper amount of rhodium
led to highly dispersed active species, which can lead to moreig. 3. TEM micrographs of the Gg gy -Al 203 and Ca7 sRh 1/y-Al203.
active centers and prevent the sintering of cobalt. This catalyst
showed better activity and stability, and its excellent perfor-Foundation of China (grant 20376057) and the Science Project
mance makes the process applicable to large-scale operationgf the Hebei Education Department (grant 2005350).
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