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Pseudomonas monteilii ZMU-T06 produces 2-substituted quinolines
by oxidative dehydroaromatization
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Abstract: 2-substituted quinolines are the building blocks for the synthesis of natural products
and pharmaceuticals. In comparison with classical methods, dehydroaromatization of
2-substituted-1,2,3,4-tetrahydroquinolines has emerged in recent years as an efficient and
straightforward method to synthesize quinolines due to its high atom economy and sustainability.
However, existing chemical methods need transition metal catalysts and harsh reaction
conditions. Biocatalysis with high efficiency, high selectivity, and mild reaction conditions has
become an important method of organic synthesis. We mined a strain Pseudomonas monteilii
ZMU-T06 capable of producing monoamine oxidase for the dehydroaromatization of
2-substituted-1,2,3,4-tetrahydroquinolines to synthesize 2-substituted quinolines (8 substrates,
yields of 45.7%-48.4%) and then hypothesized the catalytic mechanism, providing a new
method for green synthesis of 2-substituted quinolines.

Keywords: monoamine oxidase; dehydroaromatization; 2-substituted quinolines; catalytic
mechanism
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Figure 2 Biocatalytic oxidative dehydroaromatization
of 2-substituted THQ using Pseudomonas monteilii
ZMU-T06.
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Table 1  Analysis conditions of compounds
Compounds  Hexane/i-PrOH  tyinor (Min)  tygj0, (min)
la 90/10 13.0 14.3
1b 95/5 15.3 17.8
1c 95/5 12.7 16.0
1d 95/5 11.0 12.9
le 95/5 10.0 10.3
1f 95/5 9.7 13.3
1g 95/5 11.9 13.3
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Table 2 Screening for biocatalysts to catalyze dehydroaromatization of 2-methyltetrahydroquinoline

Strains® Yield of e.e. value of Strains Yield of e.e. value of
2a (%)b (R)-1a (%) 2a (%) (R)-1a (%)

P. monteilii ZMU-TO01 30.2 433 P. monteilii ZMU-T11 32.7 48.6

P. monteilii ZMU-T02 14.3 16.7 P. monteilii ZMU-T12 13.6 16.0

P. monteilii ZMU-T03 12.0 14.0 P. monteilii ZMU-T13 35.2 55.2

P. monteilii ZMU-T04 24.1 31.5 P. monteilii ZMU-T14 13.1 15.4

P. monteilii ZMU-T05 15.4 18.0 P. monteilii ZMU-T15 7.5 9.0

P. monteilii ZMU-T06 37.2 59.4 P. monteilii ZMU-T16 33.9 51.3

P. monteilii ZMU-T07 32.8 49.0 P. monteilii ZMU-T17 28.6 40.1

P. monteilii ZMU-T08 15.5 18.6 P. monteilii ZMU-T18 25.2 33.8

P. monteilii ZMU-T09 26.4 36.0 P. monteilii ZMU-T19 17.6 21.5

P. monteilii ZMU-T10 12.3 14.0 P. monteilii ZMU-T20 0.0 0.0

a,

Unless otherwise noted, mixtures of (rac)-1a (5.0 mmol/L), cell suspension (10.0 g dew/L), Na,HPO4-KH,PO, buffer
(50 mmol/L, pH=7.0) in 5.0 mL reaction system were shaken at 250 r/min at 30 °C for 24 h. ®. The yield of 2a: Y=A,,/Ap2%100%,
A,, represents the peak area of generated 2a, A, represents the peak area of the theoretically generated 2a, all peak areas were
determined by HPLC analysis.

*®3 EVEACHRNFEHMK

Table 3 Optimization of reaction conditions for biocatalysis

pH* Substrate concentration (mmol/L) Cell density (g DCW/L) Yield of 2a (%)b e.e. value of (R)-1a (%)
5.0 2.0 30.0 37.2 59.0
6.0 2.0 30.0 37.3 59.2
7.0 2.0 30.0 37.4 59.3
8.0 2.0 30.0 41.5 71.0
9.0 2.0 30.0 39.2 64.5
8.0 4.0 30.0 45.1 82.2
8.0 6.0 30.0 46.1 85.0
8.0 8.0 30.0 443 79.5
8.0 10.0 30.0 44.5 80.2
8.0 10.0 50.0 47.6 91.0
8.0 10.0 70.0 45.2 82.5

% Unless otherwise noted, mixtures of (rac)-la (different substrate concentration), cell density (different cell densities),
Na,HPO,-KH,PO, buffer (50 mmol/L with different pH) in 5.0 mL reaction system was shaken at 250 r/min at 30 °C for 24 h.
b The yield of 2a: Y=A;.,/Anax100%, Ay, represents the peak area of generated 2a, Ay, represents the peak area of the
theoretically generated 2a, all peak areas were determined by HPLC analysis. dew: Dry cell weight.
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Figure 4 Investigation of substrate scope
catalyzed by P. monteilii ZMU-T06.
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Table 4 Substrate scope for biocatalytic oxidative dehydroaromatization of 2-substituted THQ using

P. monteilii ZMU-T06

Entry? (rac)-1 Yield of 2 (%)b e.e. value of (RIS)-1 (%)
1 R'=Me, R*=H (1a) 2a/47.6 (R)-1a/91.0
2 R'=Et, R>=H (1b) 2b/47.2 (R)-1b/89.4
3 R'=n-Pr, R*=H (1¢) 2¢/48.1 (R)-1¢/92.7
4 R'=n-Bu, R*=H (1d) 2d/48.0 (R)-1d/92.0
5 R'=i-Pr, R>=H (1e) 2e/48.4 (S)-1e/93.8
6 R'=i-Bu, R*=H (1f) 2£/48.0 (S)-1£/92.0
7 R'=allyl, R*=H (1g) 2g/47.4 (S)-1g/90.0
8 R'=cyclopropyl, R*=H (1h) 2h/45.7 (S)-1h/84.3

2 Unless otherwise noted, mixtures of (rac)-1a (10.0 mmol/L), cell density (50.0 g dew/L), Na,HPO,-KH,PO, buffer (50 mmol/L,
pH 8.0) in 5.0 mL reaction system were shaken at 250 r/min at 30 °C for 24 h. b The yield of 2a: Y=Ay./Au.x100%, A,
represents the peak area of generated 2a, Ay, represents the peak area of the theoretically generated 2a, all peak areas were
determined by HPLC analysis.

x5 2-FAEMEMARERE
Table 5 Characterization data of 2-methyl-quinoline
'H NMR (400 MHz, CDCls)

3C NMR (100 MHz, CDCly) HRMS (ESI-TOF) m/z:
Calcd. fOr CIOHION
88.01 (d, J=8.4 Hz, 2H), 7.74 (d, ] = 8.1 Hz, 1H), 7.64-7.68  &25.4,122.1,125.8,126.5,127.6,  [M+H]": 144.080 8;

(m, 1H), 7.44-7.47 (m, 1H), 7.25 (d, J = 8.2 Hz, 1H), 2.73 (s, 3H) 128.6, 129.5, 136.3, 147.8, 159.0 found: 144.081 3.
NMR: Nuclear magnetic resonance spectroscopy, HRMS: High-resolution mass spectrometry, ESI-TOF: Electrospray
ionization time-of-flight mass spectrometry.
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Figure 5 Proposed mechanism of biocatalytic

oxidative dehydroaromatization of 2-substituted
THQ.

3 W54/

J T RS L 2-BU g k2 Ak S W )
LR R, AWFFEIE T IR 1 52 IR R
B E , B P monteilii ZMU-T06 30 448
A BE . MR AL S R Ak g R, R B
P. monteilii ZMU-T06 7Efm 4 (pH 8.0)A% [ i
R R R B AR E M . b TSR
Pyt B E T AL T A, (HOR AL T R
WA B, AT RE A T AR R B AR A AL S
PEAR, S Zen] IAI ] o0 7 A W) HoR kAT
PRI T T ) ) e R Ao DA e AR s M
X§ P. monteilii ZMU-TO06 LI 1) %22, &
AL RS P ST R 2k Bk DU S A

W

http://journals.im.ac.cn/cjben

T} DU S 5 M bk TG A AT, S ] LA
e I R TR LAY R AL IR 3

ZE L RTIHR, A ST X S = B AT
e ARAS T E AL 2- B Y A s kR A A
Yy A AL A 05 F A I A R P monteilii
ZMU-T06; Xf HAE AT T AL R Y
AT T %52, L 45.7%48. 4% 7" K5 — R
5 2-Hu sk A &0, IR T AT RE Y f
PR, AR B RCE L 2- B s sk &
PIERAL T B B SR e A BT 7 o

REFERENCES

[1] LI R, JIANG SX, ZHENG HL, LETI HW, HUANG Z,
CHEN SP, DENG GJ. Iron-catalyzed indolo[2,3-c]
quinoline synthesis from nitroarenes and benzylic
alcohols/aldehydes promoted by elemental sulfur[J].
Green Synthesis and Catalysis, 2022, 3(1): 95-101.

[2] MATADA BS, PATTANASHETTAR R, YERNALE NG.
A comprehensive review on the biological interest of
quinoline and its derivatives[J]. Bioorganic &
Medicinal Chemistry, 2021, 32: 115973.

[3] HOY SM. Pitavastatin: a review in
hypercholesterolemia[J]. =~ American  Journal  of
Cardiovascular Drugs, 2017, 17(2): 157-168.

[4] LIU J, ZHAO ZH, QIU NS, ZHOU Q, WANG GW,
JIANG HP, PIAO Y, ZHOU ZX, TANG JB, SHEN YQ.
Co-delivery of I0X1 and doxorubicin  for
antibody-independent cancer chemo-immunotherapy[J].
Nature Communications, 2021, 12: 2425.

[5] HU YQ, GAO C, ZHANG S, XU L, XU Z, FENG LS,
WU X, ZHAO F. Quinoline hybrids and their
antiplasmodial and antimalarial activities[J]. European
Journal of Medicinal Chemistry, 2017, 139: 22-47.

[6] PAL SK, BERGEROT PG, FIGLIN RA. Tivozanib:
current status and future directions in the treatment of
solid tumors[J]. Expert Opinion on Investigational
Drugs, 2012, 21(12): 1851-1859.

[7] WATSON JM, DAWSON LA. Characterization of the
potent 5-HT(1A/B) receptor antagonist and serotonin
reuptake inhibitor SB-649915: preclinical evidence for
hastened onset of antidepressant/anxiolytic efficacy[J].
CNS Drug Reviews, 2007, 13(2): 206-223.

[8] PANG SF, LIU FF, ZHANG YJ, DONG ZW, SU Q,
WANG WF, L1 ZH, ZHOU F, WANG YB. Construction
of functional superhydrophobic biochars as hydrogen
transfer catalysts for dehydrogenation of
N-heterocycles[J]. ACS Sustainable Chemistry &



B % | BRBEME ZMU-T06 S LB S HILA B 2- BRI A4

(1]

[14]

[17]

Engineering, 2021, 9(27): 9062-9077.

KAUR R, KUMAR K. Synthetic and medicinal
perspective of quinolines as antiviral agents[J].
European Journal of Medicinal Chemistry, 2021, 215:
113220.

NAINWAL LM, TASNEEM S, AKHTAR W, VERMA
G, KHAN MF, PARVEZ S, SHAQUIQUZZAMAN M,
AKHTER M, ALAM MM. Green recipes to quinoline:
a review[J]. European Journal of Medicinal Chemistry,
2019, 164: 121-170.

KALEESWARAN D, MURUGAVEL R. Picric acid
sensing and CO, capture by a sterically encumbered
azo-linked fluorescent triphenylbenzene based covalent
organic polymer[J]. Journal of Chemical Sciences,
2018, 130(1): 1.

HATI S, HOLZGRABE U, SEN S. Oxidative
dehydrogenation of C—C and C—N bonds: a convenient
approach to access diverse (dihydro)heteroaromatic
compounds|[J]. Beilstein Journal of Organic Chemistry,
2017, 13: 1670-1692.

YANG RC, YUE SS, TAN W, XIE YF, CAI H.
DMSO/t-BuONa/O,-mediated aerobic dehydrogenation
of saturated N-heterocycles[J]. The Journal of Organic
Chemistry, 2020, 85(11): 7501-7509.

WEI LF, WEI Y, ZHANG JL, XU L. Visible-light-
mediated organoboron-catalysed metal-free dehydrogenation
of N-heterocycles using molecular oxygen[J]. Green
Chemistry, 2021, 23(12): 4446-4450.

BALAYEVA NO, MAMIYEV Z, DILLERT R, ZHENG
N, BAHNEMANN DW. Rh/TiO,-photocatalyzed
acceptorless dehydrogenation of N-heterocycles upon
visible-light illumination[J]. ACS Catalysis, 2020,
10(10): 5542-5553.

ZHANG Z, LIU WG, ZHANG YY, BAI JW, LIU J.
Bioinspired manganese site accelerates
oxo-dehydrogenation of N-heterocycles
conjugated tri-S-triazine framework[J]. ACS Catalysis,
2021, 11(1): 313-322.

BALAYEVA NO, ZHENG N, DILLERT R,
BAHNEMANN DW. Visible-light-mediated photocatalytic
aerobic  dehydrogenation of N-heterocycles by
surface-grafted TiO, and 4-amino-TEMPO[J]. ACS

atomic
over a

&: 010-64807509

[19]

[20]

Catalysis, 2019, 9(12): 10694-10704.

LIAO CJ, LI X, YAO KY, YUAN ZL, CHI Q, ZHANG
ZH. Efficient oxidative dehydrogenation of
N-heterocycles over nitrogen-doped carbon-supported
cobalt nanoparticles[J]. ACS Sustainable Chemistry &
Engineering, 2019, 7(16): 13646-13654.

WU Y, YI H, LEI AW. Electrochemical acceptorless
dehydrogenation of N-heterocycles utilizing TEMPO
as organo-electrocatalyst[J]. ACS Catalysis, 2018, 8(2):
1192-1196.

JIN HH, JU SY, YU HR, YANG LR, ZHENG WL, WU
JP. An efficient biocatalytic oxidative dehydroaromatization
approach for the construction of quinolines enabled by
monoamine oxidase with molecular oxygen[J]. Green
Chemistry, 2023, 25(13): 5296-5303.

ZHAO F, MASCI D, FERLA S, VARRICCHIO C,
BRANCALE A, COLONNA S, BLACK GW,
TURNER NJ, CASTAGNOLO D. Monoamine oxidase
(MAO-N) biocatalyzed synthesis of indoles from
indolines prepared via photocatalytic
cyclization/arylative dearomatization[J]. ACS
Catalysis, 2020, 10(11): 6414-6421.

TOSCANI A, RISI C, BLACK GW, BROWN NL,
SHAABAN A, TURNER NJ, CASTAGNOLO D.
Monoamine oxidase (MAO-N) whole cell biocatalyzed
aromatization of 1,2,5,6-tetrahydropyridines into
pyridines[J]. ACS Catalysis, 2018, 8(9): 8781-8787.
SCALACCI N, BLACK GW, MATTEDI G, BROWN
NL, TURNER NJ, CASTAGNOLO D. Unveiling the
biocatalytic aromatizing activity of monoamine
MAO-N and 6-HDNO: development of
chemoenzymatic cascades for the synthesis of
pyrroles[J]. ACS Catalysis, 2017, 7(2): 1295-1300.
CHO CS, REN WX. A recyclable palladium-catalyzed
modified Friedldnder quinoline synthesis[J]. Journal of
Organometallic Chemistry, 2007, 692(19): 4182-4186.
LI GY, REN J, YAO PY, DUAN YT, ZHANG HL, WU
QQ, FENG JH, LAU P, ZHU DM. Deracemization of
2-methyl-1,2,3,4-tetrahydroquinoline  using mutant
cyclohexylamine oxidase obtained by iterative
saturation mutagenesis[J]. ACS Catalysis, 2014, 4(3):
903-908.

oxidases

i<: cjb@im.ac.cn



