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A novel process for enzymatic synthesis ofN-lauroyl-�-amino
propionitrile using packed bed reactor coupled with on-line separation

Yong-Mei Xiaa,b, Yun Fanga,∗, Zhi-Guo Xua, Xue-Yi Hua, Yong-An Shena, James Brown Jr.b

a School of Chemical and Material Engineering, Southern Yangtze University, 170# Huihe Road, Wuxi 214036, China
b Department of Chemical Engineering, University of Michigan, 3085 H.H. Dow, Ann Arbor, MI 48109, USA

Received 19 August 2004; accepted 19 August 2004
Available online 22 September 2004

Abstract

N-Lauroyl-�-amino propionitrile is an intermediate for synthesis of sodiumN-lauroyl-�-alanine, an antimicrobial surfactant. We provide
a novel process for enzymatic synthesis ofN-lauroyl-�-amino propionitrile, using a cascade connection of an enzyme packed bed reactor
(EPBR) with a crystallization separator for on-line separation. The substrate solution was fed to the reactor inlet. High-purity crystal product
w epeatedly.
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as obtained from the separator outlet with a yield of 91.7% under the optimum conditions. The immobilized lipase can be utilized r
he solvent and unreacted substrates were recovered and reused on-line.
2004 Elsevier B.V. All rights reserved.
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. Introduction

N-Lauroyl-�-amino propionitrile is a precursor ofN-
auroyl-�-alanine, the latter can be used as an antimicrobial
urfactant after saponification in many fields such as food,
osmetics, pharmacy and textile[1–3]. Lipase-catalyzed syn-
hesis in nonaqueous media has been popular since 1990 as a
ild synthesis strategy. One of the advantages of enzymatic

ynthesis ofN-lauroyl-�-amino propionitrile is, after hydrol-
sis, there is no sodium laurate in the final surfactant product
Scheme 1). Sodium laurate is an unavoidable by-product
n chemical synthesis of sodiumN-lauroyl-�-alanine, which
s synthesized by reacting�-alanine and lauroyl chloride in
odium hydroxide aqueous solution[3].

Izumi et al.[4] used lipase fromCandidaantarctica(CAL)
s the catalyst for amidation of�-amino propionitrile to
ynthesizeN-lauroyl-�-amino propionitrile. They found that
oom temperature was the suitable reaction temperature. In a
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batch reactor, using equimolar reactants in diisopropyl e
and equal weight of deionized water sprayed on the enz
(7000 U of the lipase per gram of�-amino propionitrile), th
highest yield (99.3%, determined by TLC) was achieved
ter 24 h. In our previous study[5], in a batch reactor at roo
temperature, the reaction rate was considerably slow de
using such a high amount of lipase (7000 U of the lipase
gram of�-amino propionitrile). Meanwhile, the product p
cipitated and adhered to the immobilized lipase surface,
ing to a great loss of lipase activity during the separatio
product and the enzyme. Under optimal reaction condit
with a lower lipase dosage (200 U/g�-amino propionitrile
and equimolar reactants in diisopropyl ether (35 g�-amino
propionitrile/l), the highest conversion (96.8%, determi
by HCl titration) of�-amino propionitrile was obtained aft
24 h at 70◦C [5].

As mentioned above, it is unavoidable thatN-lauroyl-�-
amino propionitrile can precipitate in batch reactor at ro
temperature. Both mechanical stirring and the separation
cess cause the lipase activity loss. Thus if we apply the e
matic amidation at a high temperature in an EPBR, adju
angyun57@sina.co.cn (Y. Fang). the operation parameters to avoid the precipitation, and then
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Scheme 1. Preparation of sodiumN-lauroyl-�-alanine via enzymatic synthesis ofN-lauroyl-�-amino propionitrile: (1) lipase-catalyzed synthesis ofN-lauroyl-
�-amino propionitrile; (2) alkaline hydrolysis ofN-lauroyl-�-amino propionitrile to produce sodiumN-lauroyl-�-alanine.

separated the crystal product at a low temperature, a high
product yield with desired purity as well as low lipase ac-
tivity loss can be expected. Hence an EPBR coupled with an
on-line crystallization separator was used in this study, to uti-
lize the lipase repeatedly, to reuse the solvent and unreacted
substrates on-line after simple processing.

2. Experimental

2.1. Chemicals

Immobilized lipase fromCandida antarctica(CAL) with
olive oil hydrolysis activity of 7000 U/g was a gift from Novo
Nordisk Company. One unit (U) of olive oil hydrolysis activ-
ity is defined as the amount of the lipase-catalyzed production
of 1�mol of free fatty acid per minute at 40◦C, pH 9.

�-Amino propionitrile was synthesized in our lab and dis-
tilled before use. Methyl laurate was purchased from Haiyan
Fine Chemicals Co., Zhejiang, China (99.1% after rectifica-
tion, GC). All other reagents were of analytical grade and
were purchased from Shanghai Chemicals Co., China. Re-
actants were dehydrated with 4A zeolite before use, unless
otherwise stated.
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Fig. 1. The scheme of the reaction system: 1, elevated tank; 2, flow meter
and valve; 3, EPBR; 4, crystallization tank; 5, slurry pump; 6, crystallization
separator; 7, absorption column; 8, fresh methyl laurate; 9, fresh�-amino
propionitrile and solvent; 10, crystal product.

when the conversion of�-amino propionitrile reached a
constant.

2.4. Enzymatic synthesis of N-lauroyl-�-amino
propionitrile in EPBR

As shown inFig. 1, the reaction system consists of an ele-
vated tank (1) (for mixing and storing raw reactants, equipped
with a refluxing tube and a mechanical stirrer), an EPBR (3)
(0.7 cm in diameter and 5–8 cm in height, filled with CAL),
a crystallization tank (4), a crystallization separator (6) and a
methanol absorption column (7) filled with CaCl2. Equimo-
lar of methyl laurate (8) and�-amino propionitrile in diiso-
propyl ether (9) (400 ml/g�-amino propionitrile) were well
mixed in the elevated tank and pre-heated to 65◦C. The re-
actant solution was then delivered through the EPBR (65◦C)
with a designed flow rate (2) to the crystallization tank, where
the crystalN-lauroyl-�-amino propionitrile precipitated at 25
± 1◦C. The slurry was pumped to the crystallization sepa-
rator by a slurry pump (5) and separated by the filter film
in the separator. The precipitate (10) was washed with cold
95% ethanol and dried for subsequent hydrolysis to produce
sodiumN-lauroyl-�-alanine; while the filtrate was delivered
to an adsorption column to remove methanol, the by-product.
After the determination of�-amino propionitrile content, the
a ants
a ele-
v stem,
.2. Analysis

Water content was determined by Karl Fischer titra
K90290 automatic Karl Fischer volumetric titrator, Koeh
nstrument Company, USA). The conversion of�-amino pro-
ionitrile was determined by HCl (in isopropyl alcohol) tit

ion and calculated with the following equation:

= 100

(
1 − A1

A0

)

ereA0 was the consumed HCl (mmol) per gram of the re
ants solution before reaction andA1 was the consumed HC
mmol) per gram of the reaction mixture obtained from
eactor outlet.

.3. Enzymatic synthesis of N-lauroyl-�-amino
ropionitrile in batch reactor

For a typical experiment, methyl laurate (20 mmol)
-amino propionitrile (20 mmol) in diisopropyl ether (40 m
ere homogenized using a magnetic stirrer and heat
0◦C in a glass reactor. CAL (200 U/g�-amino propioni

rile) was then added into the mixture, which was stirre
0◦C. The reaction was stopped with addition of isoprop
dsorption column effluent was mixed with fresh react
nd solvent to make-up for loss and then returned to the
ated tank. The temperature at all other parts in the sy
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excluding the section from the elevated tank to the outlet of
EPBR, was maintained at 25± 1◦C.

3. Results and discussion

3.1. Flow style and substrate concentration

A downstream flow was applied to avoid back-mixing.
The reactant stream flowed from the elevated tank to the
EPBR. The flow rate was monitored by a flow meter. The
product concentration increased along the reactor vertically
from the inlet to the outlet, where the product content in the
reaction mixture was the highest. Therefore an appropriate
initial substrates concentration is required to ensure a rea-
sonable product concentration at the reactor outlet to prevent
precipitation.

In a batch reactor, 35 g of�-amino propionitrile per liter
diisopropyl ether was the optimal substrate concentration[5].
However, in the EPBR, the product slightly precipitated at the
reactor outlet if the initial substrate concentration was above
2.7 g of�-amino propionitrile per liter diisopropyl ether. Thus
a diluted initial substrate concentration (2.5 g of�-amino
propionitrile per liter diisopropyl ether) was applied based
on previous experiments (data not shown), the product sol-
u n in
F
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Fig. 2. The solubility ofN-lauroyl-�-amino propionitrile in diisopropyl ether
and the effect of temperature on conversion of�-amino propionitrile in
batch reactor. Reaction conditions:�-amino propionitrile, 0.35 g; methyl
laurate, 1.07 g; diisopropyl ether, 10 ml; 0.01 g of CAL (200 U/g�-amino
propionitrile); water, 0.021 g, 24 h.

3.3. Water dosage

Water is essential for lipase-catalyzed reactions[4,6,7].
CAL is usually used together with equal weight of deionized
water according to Novo Nodisk product brochure. Some in-
vestigators also used this protocol for CAL-catalyzed amida-
tion of �-amino propionitrile[4]. For example, 0.4 g of CAL
associated with 0.4 g of water was added in a system contain-
ing 0.4 g of�-amino propionitrile and 20 ml of diisopropyl
ether[4]. For an enzymatic reaction performed in nonpolar
solvent system, higher conversion is usually obtained at low
initial water content in the reaction mixture[8]. As indicated
in Fig. 3a, the optimal initial water content in batch reactor is
6% water in�-amino propionitrile. While as shown inFig. 3b,
without addition of water, the conversion of�-amino propi-
onitrile (95.6%) was not significant lower than that (97.2%)
at the optimal water dosage. This can be explained that the
commercial CAL was not a “dry” lipase but contained 2%
of water (w/w) and so the reaction without addition of wa-
ter in�-amino propionitrile also resulted in high conversion.
Therefore, no water was added to initialize the reaction in
bility under the suitable reaction temperature (as show
ig. 2), and the operation flexibility.

.2. Reaction temperature

As shown inFig. 2, the optimal reaction temperature i
atch reactor was 70◦C. However, in a column reactor, d

sopropyl ether would be partly vaporized at 70◦C during
he reaction, which generated bubbles in the column rea
onsidering the solubility ofN-lauroyl-�-amino propioni

rile, the reaction rate, as well as the enzyme thermosta
data not shown), the reaction and delivery (from elev
ank to the reactor) temperature was set to 65◦C. Under this
ondition, neither solvent vaporization nor product prec
ation was observed during the reaction.

ig. 3. The effect of water content on the conversion of�-amino propionitri
.07 g; 10 ml of diisopropyl ether; (a) 0.15 g of CAL (3000 U/g�-amino p
4 h.
k reactor. Reaction conditions:�-amino propionitrile, 0.35 g; methyl laura
trile), 35◦C, 6 h; (b) 0.01 g of CAL (200 U/g�-amino propionitrile), 70◦C,
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Table 1
The effects of reactor bed height and space velocity on total conversion of
�-amino propionitrile

Run Reactor bed
height (cm)

Flow rate of reactant
mixture (ml/min)

Space
velocity
(min−1)

Conversion
(%)

1 3.5 2.7 1.98 68.6
2 2.3 1.70 78.7
3 1.9 1.38 89.9

4 4.5 2.4 1.40 81.6
5 1.9 1.10 90.7
6 1.7 0.98 91.7
7 1.0 0.58 94.3

8 6.0 2.3 0.99 91.4
9 1.9 0.82 92.7

10 1.5 0.67 94.0

Packed bed reactor, equimolar of reactants, 65◦C, �-amino propioni-
trile:diisopropyl ether = 1:400 (w:v).

the column reactor. Additionally, the water activity of the re-
action system was the same as that in the atmosphere since
the system had been contacted with the atmospheric environ-
ment through the venting tube (refluxing tube) of the elevated
tank.

3.4. Effect of packed bed height on total conversion of
�-amino propionitrile

As mentioned inSection 3.1, flow rate is very important
for a sufficient product concentration at the column reactor
outlet, and the reactor bed height likewise. These two param-
eters are synergic; therefore, they were investigated simulta-
neously.

Table 1illustrates the effects of reactor bed height and
space velocity on the conversion of�-amino propionitrile
at the reactor outlet. To determine the suitable operation pa-
rameters, a high conversion, less lipase consuming (lower bed
height) and shorter operation time (higher space velocity) are
required.

As shown inTable 1, the conversions in run 5 to run 10
are similar. The conversions in run 7 and run 10 are higher
(around 94%), but the space velocities are only around 60% of
that of run 6 and run 8; space velocities and the conversions in
r less
l n as
t erable
h tion
c t
t with
t was
t
a ing
t t was
o

Fig. 4. The conversion of�-amino propionitrile vs. operation time. Packed
bed reactor, equimolar of reactants, 65◦C,�-amino propionitrile:diisopropyl
ether = 1:400 (w:v).

3.5. Operation stability of the system

It was observed that the conversion of�-amino propi-
onitrile was decreased if the filtrate from the crystallization
separator was recycled without removing methanol. This is
because methanol inhibited the lipase activity. Thus, in order
to remove methanol, an adsorption column filled with CaCl2
was inserted between the crystallization separator and the el-
evated tank. After removing methanol, the filtrate was mixed
with the fresh reactants to the required substrate concentra-
tion before it was fed to the elevated tank. No obvious ill
effect on the conversion was observed.Fig. 4 illustrated that
the conversion of�-amino propionitrile did not drop signifi-
cantly even after 50 h reaction.

4. Conclusion

CAL-catalyzed amidation of�-amino propionitrile toN-
lauroyl-�-amino propionitrile in a packed bed reactor cou-
pled with on-line separation system was investigated. The
conversion of�-amino propionitrile at the reactor outlet
reached 91.7% under following operation parameters: flow
rate of 1.7 ml/min, reactor bed height of 4.5 cm (reactor:
0.7 cm in diameter and 6.5 cm in height), reacted at 65◦C,
a ◦

dy
( be
p .

A

of
J Hu
J sly
p ful
c

un 6 and run 8 are almost same, but run 6 consumed 25%
ipase. Therefore, reaction conditions in run 6 were take
he suitable operating parameters because of the consid
igh conversion, low enzyme amount and short opera
ycle. In this run, the conversion of�-amino propionitrile a
he reactor outlet was 91.7% at a flow rate of 1.7 ml/min
he reactor bed height of 4.5 cm. The raw crystal product
hen washed with cold (5–10◦C) 95% ethanol. No trace of�-
mino propionitrile or methyl laurate was found after dry

he crystal under vacuum. No obvious loss of the produc
bserved after the washing and drying.
nd crystallized at 25C.
The conversion of�-amino propionitrile remained stea

around 91%) up to 50 h. The final crystal product can
urified simply with an ethanol wash and vacuum drying
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