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Whole cell of Pseudomonas monteilii ZMU-T01 strains mediated oxidative resolution of racemic 2-substi-
tuted 1,2,3,4-tetrahydroquinolines has been successfully described. A series of highly enantioselective 2-
substituted 1,2,3,4-tetrahydroquinoline derivatives were obtained in up to 50% conversion and >99% ee.

� 2016 Elsevier Ltd. All rights reserved.
Optically active 1,2,3,4-tetrahydroquinoline ring system is a
very important structural motif in the pharmaceutical and agro-
chemical industries.1 In particular, the chiral 2-substituted
1,2,3,4-tetrahydroquinoline derivatives widely exist in numerous
biologically active natural products and pharmacologically rele-
vant therapeutic agents (Fig. 1),1,2 as well as are employed as the
starting materials for preparation of novel chiral ligands.3 Thus,
numerous different methodologies for the construction of chiral
2-substituted 1,2,3,4-tetrahydroquinoline scaffold have been
established.4–6 Obviously, the latest literature investigation reveals
that these synthetic methods mainly focus on the asymmetric
hydrogenation of 2-substituted quinolines with metal catalysts4,
organocatalysts,5 and tandem reactions.6 However, almost all the
methodologies reported to date require the participation of haz-
ardous materials such as the toxic reagents or expensive metals.
Accordingly, considerable effort is still being directed to the devel-
opment of elegant and environmentally friendly methods for the
synthesis of optically active 2-substituted 1,2,3,4-tetrahydroquino-
line derivatives on account of their prevalence in the pharmaceuti-
cal molecules.

In recent years, biocatalysis has gradually become a greener and
more universal method for the efficient and enantioselective syn-
thesis due to their non-toxicity of biocatalysts and mild reaction
conditions.7 Especially, bio-mediated oxidative deracemization is
often the method of choice for the preparation of enantiopure
compounds. These advantages were displayed by the success of
deracemization on amines8,9 and alcohols.10

To the best of our knowledge, the enzyme catalyzed oxidative
kinetic resolution for the synthesis of chiral 2-substituted 1,2,3,4-
tetrahydroquinoline derivatives is still rare. Recently, Zhu and
coworkers reported deracemization of 2-methyl-1,2,3,4-tetrahy-
droquinoline with flavin-dependent cyclohexylamine oxidase
mutant leading to the production of (R)-2-methyl-1,2,3,4-tetrahy-
droquinoline with 76% yield and 98% ee.9 In addition, the catalytic
asymmetric oxidation of sulfides and 1,2,3,4-tetrahydroquinolines
by the whole cell of Pseudomonas monteilii ZMU-T01 strains has
been achieved in our laboratory.11 Furthermore, it was found
that this biocatalyst also showed excellent activity and
enantioselectivity for the deracemization of 2-subsituted 1,2,3,4-
tetrahydroquinolines, giving a series of desired chiral 2-subsituted
1,2,3,4-tetrahydroquinoline derivatives in up to 50% conversion
and >99% ee. In view of the important applications of this kind of
compounds in pharmaceutical field and our interest in the devel-
opment of biocatalytic oxidation methodologies,10e,11 herein, we
wish to report our endeavors on this subject.

To optimize the reaction conditions, the bio-oxidative resolu-
tion of racemic 2-methyl-1,2,3,4-tetrahydroquinoline 1a was
employed as a model reaction. We first examined our laboratory’s
different strains from Pseudomonas. monteilii (Table 1). The screen-
ing of strains from ZMU-T01 to ZMU-T19 revealed that ZMU-T01
strains showed acceptable results, giving (R)-1a with 60% ee and
38% conversion of (rac)-1a to 2-methyl-quinoline 2a (Table 1, entry
1). Other strains, including ZMU-T02, ZMU-T04 and ZMU-T15, gave
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Figure 1. Selective examples of pharmacologically relevant therapeutic agents
derived from chiral 2-substituted 1,2,3,4-tetrahydroquinolines.
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lower enantioselectivities of (R)-1a (Table 1, entries 2–4). The
ZMU-T18 and ZMU-T19 strains, by contrast, showed unsatisfactory
resolution activities (Table 1, entries 5 and 6). The pH effect on the
oxidative resolution of (rac)-1a was next evaluated. When the
reaction was conducted under the weak acidic conditions
(pH = 6), similar resolution results were obtained with that con-
ducted at pH of 7 (Table 1, entry 1 vs. entry 7). Adjustment of
the pH from 7 to 8 or 9 indicated that weak basic reaction condi-
tions were beneficial for the oxidative resolution of (rac)-1a, and
pH of 8 provided relatively high enantioselectivity of (rac)-1a (up
to 69% ee) (Table 1, entry 8 vs. entries 1 and 9). In order to further
improve the enantioselectivity of the oxidative resolution, cell con-
centration of Pseudomonas monteilii ZMU-T01 strains was also
Table 1
Screening of reaction conditionsa

N
H N

+

(rac)-1a 2a

N
H

(R)-1a

reaction conditions

Entry Strains pH Cell concentration
(cdw g/L)

(R)-1a/
eeb,c (%)

2a/cd

(%)

1 Pseudomonas
monteilii ZMU-T01

7 30 60 38

2 Pseudomonas
monteilii ZMU-T02

7 30 16 14

3 Pseudomonas
monteilii ZMU-T04

7 30 32 24

4 Pseudomonas
monteilii ZMU-T15

7 30 58 37

5 Pseudomonas
monteilii ZMU-T18

7 30 20 17

6 Pseudomonas
monteilii ZMU-T19

7 30 0 0

7 Pseudomonas
monteilii ZMU-T01

6 30 59 37

8 Pseudomonas
monteilii ZMU-T01

8 30 69 41

9 Pseudomonas
monteilii ZMU-T01

9 30 64 39

10 Pseudomonas
monteilii ZMU-T01

8 10 22 18

11 Pseudomonas
monteilii ZMU-T01

8 50 70 41

12 Pseudomonas
monteilii ZMU-T01

8 50 90e 47

a Unless otherwise noted, mixtures of (rac)-1a (2 mM), cell suspension, Na2-
HPO4–KH2PO4 buffer (50 mM) in 5.0 mL reaction system were shaken at 250 rpm
and 30 �C for 24 h.

b Determined by chiral HPLC analysis.
c The absolute configuration of the chiral product was assigned by comparison of

the specific optical rotation with literature report.4b
d Conversion of (rac)-1a to 2a: c = [(R)-1a/ee]/[1 + (R)-1a/ee]. The conversion was

determined with the premise that no other side reaction was detected.
e 4 mM of (rac)-1a was used.
investigated. Unfortunately, both decrease and increase of the cell
concentration could not furnish preferable resolution results
(Table 1, entries 10 and 11). To our delight, increasing of the sub-
strate concentration of (rac)-1a from 2 mM to 4 mM, the ee of
(R)-1a could be significantly increased from 70% to 90%, and the
conversion of (rac)-1a to 2-methyl-quinoline 2awas also increased
from 41% to 47% (Table 1, entry 12).

After establishment of reaction conditions (Table 1, entry 12),
substrate scope of the whole cell of Pseudomonas monteilii ZMU-
T01 strains mediated oxidative resolution of (rac)-2-substituted
1,2,3,4-tetrahydroquinolines 1 was following tested. As indicated
in Table 2, both racemic substrates 1c and 1d containing the linear
alkyl substituent (n-Pr and n-Bu) at C2 position could give the
desired corresponding products (R)-1c and (R)-1d with high enan-
tioselectivities (up to >99% ee) and 50% conversion of (rac)-1c to
(R)-2c (Table 2, entries 3 and 4). Exceptionally, relatively low ee
of (R)-1b was obtained when using (rac)-1b with ethyl group at
the C2 position as the substrate (Table 2, entry 2). Besides, chang-
ing substituent at C2 position of (rac)-2-substituted 1,2,3,4-
tetrahydroquinolines into the branched alkyl group (i-Pr and
i-Bu) showed the excellent results as well (Table 2, entries 5 and
6). It is noteworthy that substrates 1g and 1h with unsaturated
substituent (allyl and cyclopropyl) at C2 position also could be
applied to the whole cell catalyzed resolution process, giving the
corresponding products (S)-1g and (S)-1h with >99% ee and >99%
ee, respectively (Table 2, entries 7 and 8). Unfortunately, (R)-1i
and 1j compounds were not obtained by using the racemic sub-
strates 1i and 1j bearing a methyl or methoxy substitution on
the phenyl ring of tetrahydroquinoline (Table 2, entries 9 and 10).

The practical application of the whole cell of Pseudomonas
monteilii ZMU-T01 strain mediated oxidative resolution of (rac)-
2-substituted 1,2,3,4-tetrahydroquinolines 1 could be illustrated
by the transformation of resolution product (R)-1c into the anti-
malarial reagent 31,2a according to the literature reported method
(Scheme 1).12
Table 2
Substrate scope for the bio-mediated oxidative resolution of racemic 2-methyl-
1,2,3,4-tetrahydroquinolines 1a

N
H

R2
N R2

+

(rac)-1 2

N
H

R2

(R/S)-1

whole cell from Pseudomonas
monteilii ZMU-T01 strains

Na2HPO4-KH2PO4 buffer
(50 mM, pH = 8)

30 οC, 24 h

R1 R1
R1

Entry (rac)-1 (R/S)-1/eeb,c (%) 2/cd (%)

1 R1 = H, R2 = Me (1a) (R)-1a/90e 2a/47
2 R1 = H, R2 = Et (1b) (R)-1b/89f 2b/47
3 R1 = H, R2 = n-Pr (1c) (R)-1c/>99 2c/50
4 R1 = H, R2 = n-Bu (1d) (R)-1d/95g 2d/49
5 R1 = H, R2 = i-Pr (1e) (S)-1e/>99h 2e/50
6 R1 = H, R2 = i-Bu (1f) (S)-1f/>99 2f/50
7 R1 = H, R2 = allyl (1g) (S)-1g/>99g 2g/50
8 R1 = H, R2 = cyclopropyl (1h) (S)-1h/>99g 2h/50
9 R1 = Me, R2 = Me (1i) (R)-1i/0 2i/trace
10 R1 = OMe, R2 = Me (1j) (R)-1j/0 2j/trace

a Unless otherwise noted, mixtures of (rac)-1 (2 mM), cell suspension (50 cdw g/
L), Na2HPO4–KH2PO4 buffer (50 mM, pH = 8.0) in 5.0 mL reaction system were
shaken at 250 rpm at 30 �C for 24 h.

b Determined by chiral HPLC analysis.
c The absolute configuration of the chiral products were assigned by comparison

of the specific optical rotation with literature report.4b
d Conversion of (rac)-1 to 2: c = [(R/S)-1/ee]/[1 + (R/S)-1/ee]. The conversion was

determined with the premise that ee value was high and no other side reaction was
detected.

e 4 mM (rac)-1a was used.
f 4 mM (rac)-1b was used.
g pH = 9.0.
h pH = 7.0.
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Scheme 1. Practical application of this oxidative resolution.

Figure 2. Changing curves of ee with time in the bio-mediated oxidative resolution
of (S/R)-1a.
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Scheme 2. Proposed mechanism of the bio-mediated oxidative resolution.
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To investigate the mechanism of the bio-mediated oxidative
resolution process, two controlled experiments were conducted
and the changing curves of ee with time in the bio-meditated
oxidative resolution of (S/R)-1a were also drawn (Fig. 2). It was
found that the ee of (S)-1a was reduced gradually using 97% ee
of (S)-1a as starting material, but the ee of (R)-1a was contrarily
increased using 97% ee of (R)-1a substrate. Based on the controlled
experiment results and the previous reports,9,13 a possible mecha-
nism of this bio-mediated oxidative resolution of (rac)-1 to the cor-
responding single isomer (S/R)-1 and quinolines 2 was proposed
(Scheme 2). Under the optimal reaction conditions, one isomer
(S/R)-1 of (rac)-1 was selectively oxidized to 3,4-dihydroquinoline
4 and followed by aromatization to produce quinoline 2a, and the
other single isomer (R/S)-1 reserved therein.

In conclusion, we have developed an efficient and environmen-
tally friendly bio-oxidative resolution process of (rac)-2-substi-
tuted 1,2,3,4-tetrahydroquinolines. Using the whole cell of
Pseudomonas monteilii ZMU-T01 strains as biocatalyst, a series of
(rac)-2-substituted 1,2,3,4-tetrahydroquinolines could be
smoothly obtained with excellent enantioselectivities (up to
>99% ee). The practical application of this oxidative resolution
could be illustrated by the transformation of product (R)-1c into
the antimalarial compound 3. More detailed information on
monoamine oxidase from Pseudomonas monteilii ZMU-T01 is
essential and further studies are in progress.
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