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Abstract The pharmaceutically significant 3-mono-substituted tetrahydroquinoline derivatives carrying ortho-hydroxy-
benzoyl moiety are constructed via EtOH mediated cascade Knoevenagel condensation/[1,5]-hydride transfer/cyclization/
hydrolysis/decarboxylation from 4-hydroxycoumarins and o-aminobenzaldehydes. In addition, the substrate-controlled diverse
syntheses also could be achieved, and a variety of the zwitterionic biscoumarin derivatives are facilely provided under catalyst-
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and solvent-free conditions at room temperature.
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1 Introduction

Coumarin derivatives are significant organic heterocy-
clic entities that have absorbed great consideration on ac-
count of their wide range of pharmaceutical and industrial
applications (Figure 1).1') 4-Hydroxycoumarin as a distin-
guished representative of coumarin family is an important
platform molecule, which is widely implicated in organic
synthesis.”! Hence, exploring green and efficient synthetic
method for divergent applications of 4-hydroxycoumarin

for assembling novel privileged structures still remains
highly desirable.

Tetrahydroquinoline is a significant structural core
prevailing in pharmaceuticals and biologically active
compounds, such as MT2 melatonin receptor agonists,*!
and virantmycin (Figure 1).5¥ Due to its high signifi-
cance, diverse synthetic strategies have been developed in
recent years for construction of this skeleton.*! Among
these strategies, [1,5]-hydride transfer/cyclization strategy
has drawn considerable attention for facile construction of
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Figure 1 Representative bioactive molecules containing tetrahydroquinoline or biscoumarin skeleton

tetrahydroquinolines featuring atom-economic and redox
neutral nature.’] For example, various electron-with-
drawing groups substituted alkenes have been employed as
hydride acceptors to initiate the intramolecular hydride
transfer to achieve the C(sp’)—H functionalization, and
the 3,3'-disubstituted tetrahydroquinolines are the most
frequently obtained skeletons (Scheme 1a).l However,
these reactions generally rely on substrate engineering, and
hydride acceptors and donors have to be pre-installed into
one substrate. Considering the step economy, the one-pot
reactions for construction of tetrahydroquinoline skeletons
have been reported recently via [1,5]-hydride transfer
strategy with two independent substrates.l”) In these reac-
tions, the hydride donors and acceptors assemble in situ
without needing tedious preparation which meet the ex-
pectations for modern synthetic chemistry with attempt to
develop the high atom- and step-economical, and envi-
ronmental sustainable protocols. For example, indole, 77!
oxindole,’®! phenol,’ and 1,3-dicarbonyl compound,’
including 4-hydroxycoumarin,’¢7" have been successfully
applied as dinucleophiles to achieve the [1,5]-hydride
transfer/cyclization reactions. However, the generated
structure often confines to 3,3'-disubstituted tetrahydro-
quinoline skeleton (Scheme 1b). 3-Monosubstituted tetra-
hydroquinolines were difficult to construct via hydride
transfer strategy, which might be ascribed to the low reac-
tivity of the alkenes carrying one electron-withdrawing
group to initiate the hydride transfer. In consideration of
the importance of 3-momosubstituted tetrahydroquinoline
skeleton in biological compounds, the development of
efficient one-step synthetic route toward the 3-momo-
substituted tetrahydroquinolines, especially functional
groups substituted ones, from readily available substrates
is still a challenge.

As a continuation of our research interest in one-step
assembly of molecular complexity,*7*#! herein we report
the EtOH mediated facile construction of 3-benzoyl tetra-
hydroquinolines via cascade Knoevenagel condensation/
[1,5]-hydride transfer/cyclization/hydrolysis/decarboxyla-
tion sequence in the presence of morpholine from o-amino-
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(a) Electron-withdrawing alkenes as hydride transfer acceptors
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(b) One-pot synthesis of 3,3'-disubstituted tetrahydroquinolines via
hydride transfer strategy
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Scheme 1 Construction of tetrahydroquinoline skeletons via

hydride transfer strategy

benzaldehydes and 4-hydroxycoumarin. In addition,
zwitterionic biscoumarins could be provided switchably
from o-aminobenzaldehydes and 4-hydroxycoumarin as
well under catalyst- and solvent-free condition at room

http://sioc-journal.cn/ 2789
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temperature.

2 Results and discussion

Based on the literatures!’¢7"°1 and our previous work![’®,
we envisaged a hydrolysis/decarboxylation process of lac-
tonic ring derived from 4-hydroxycoumarin under alkaline
condition to afford an ortho-hydroxybenzoyl moiety fea-
turing structure. Hence, o-aminobenzaldehyde (1a) and
4-hydroxycoumarin (2a) were selected as model substrates
to validate our hypothesis. At the outset of the reaction, we
attempted to seek a green solvent mediated reaction in the
presence of base (Table 1). So various bases (15 mol%)
were screened to catalyze the reaction between 1a and 2a
in EtOH at 80 °C. Delightedly, the spirocyclic tetrahydro-
quinoline 3a was afforded via 3-step cascade Knoevenagel
condensation/hydride transfer/cyclization process, and the
expected ortho-hydroxybenzoyl substituted tetrahydro-
quinoline 4a was also isolated through the sequential hy-
drolysis/decarboxylation process of 3a. Marginal differ-
ence of the yields of the product was observed with these
bases (pyrrolidine, piperidine, morpholine, Et;N, and
Na»CO3) used (Entries 1~5). Considering the slightly high
yield of 4a, morpholine was used as base to perform the
further screening. Then various solvents were examined,
and the results showed that alcohol solvents were benefit
for the transformation of 3a to produce 4a. On the other
hand, the hydrolysis/decarboxylation process almost did
not occurr in CH3CN and 1,2-dichloroethane (DCE), and
spirocyclic tetrahydroquinoline 3a was obtained in high
yields (Entries 6~8). Next, the significant role of base in
this reaction was certified under the condition without
adding morpholine. Only the spirocyclic tetrahydro-
quinoline 3a was obtained and trace amount of 4a was
observed (Entry 9). However, the increase of morpholine
did not give superior yield of 4a (Entry 10). And the sub-
sequent adjustment of the ratio of starting materials also
did not improve the yield of 4a (Entry 11). Satisfyingly,
the elevation of the reaction temperature was helpful to the
hydrolysis/decarboxylation process, and the product 4a
bearing ketone carbonyl and hydroxyl functional groups
was isolated in 80% yield with excellent diastereoselectiv-
ity at 120 ‘C (Entry 13). Subsequently, H,O was
employed to mediate the reaction instead of EtOH. After
extraction, the product 4a could be obtained in 76% yield
in H,O with prolonged reaction time (Entry 14).
Considering the yield of 4a and the operation procedure,
EtOH was selected as best solvent to mediate the reaction.

With the optimal conditions in hand, the substrate scope
for synthesis of 3-benzoyl tetrahydroquinolines with regard
to o-aminobenzaldehydes was examined (Table 2). Nota-
bly, o-aminobenzaldehydes carrying diverse functional
groups were suitable for the transformation. The electronic
property and the position of substituents on the phenyl ring
of 2-(pyrrolidin-1-yl)benzaldehydes 1 had negligible im-
pact on the reaction efficiency, furnishing the expected
ortho-hydroxybenzoyl substituted tetrahydroquinolines

2790 http://sioc-journal.cn/
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Table 1 Optimization of the reaction conditions”

OH
©iCHO Catalyst
+ X D ——
N Solvent
Q o~ Yo Temperature

O OH
Yield®/%
Entry Catalyst Solvent a i
1 Pyrrolidine EtOH 30 40
2 Piperidine EtOH 38 38
3 Morpholine EtOH 33 42
4 Et:N EtOH 29 36
5 Na>CO3 EtOH 36 26
6 Morpholine MeOH 35 38
7 Morpholine CH3;CN 89 Trace
8 Morpholine DCE 93 Trace
9 — EtOH 55 Trace
10¢ Morpholine EtOH 35 40
114 Morpholine EtOH 18 30
12¢ Morpholine EtOH 20 59
13/ Morpholine EtOH Trace 80
14/ Morpholine H0O Trace 76

9 Reaction conditions (unless otherwise noted): 1a (0.1 mmol), 2a (0.12
mmol), catalyst (15 mol%), solvent (1 mL), at 80 “C, 16 h. ? Isolated yield
after column chromatography. ¢ Morpholine (30 mol%). ¢2a (0.2 mmol). ¢ At
100 ‘C./At 120 C.

4a~4m in moderate to good yields (ranging from 55% to
90%) and good diastercoselectivities for most cases. In
addition, the good functional group tolerance, e.g. halo-
gens, thienyl, trifluoromethyl, and cyano efc., demonstrat-
ed its robust compatibility for preparing diversely func-
tionalized 1,2,3-trisubstituted tetrahydroquinolines.

The further screening of azacycle substituents showed
that the octahydro-isoindole and azepane incorporating
ortho-aminobenzaldehydes could also survive in this reac-
tion, giving the corresponding products 4n and 4p in 70%
and 82% yields, respectively (Table 3). Piperidine incor-
porating ortho-aminobenzaldehyde was invalid for the
reaction even elevating the reaction temperature. In addi-
tion, the 4-hydroxycoumarins carrying diverse substituents
on phenyl ring were tolerable for the transformation, af-
fording the corresponding products 4q~4s in good yields.
The relative configuration of the main diastereoisomer (51)
was unambiguously confirmed by X-ray crystallographic
analysis via the protection of hydroxyl group of 41 by TsCl
(Scheme 2).

To our surprise, when the azacycle substituents were re-
placed by N,N'-dimethyl group, zwitterionic biscoumarin
6a was obtained under catalyst- and solvent-free condition
at room temperature. Biscoumarins are the bridge substit-

Chin. J. Org. Chem. 2021, 41, 2788~2799
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Table 2 Scope of o-aminobenzaldehydes for synthesis of 3-benzoyl tetrahydroquinolines®

P OH

OH
X CHO morpholine (15 mol%) A
R P + A
N S
0" 0
1 2a

; R
,120°C N

4

O OH OH

n
W "

N H,C N

4a, 80%, dr > 20:1 4b, 76%, dr 10:1

|O OH P OH

FsC N NC N
4e, 75%, dr 8:1 4f, 81%, dr 15:1

O OH o oH
Br. o FsC

N N

4i, 55%, dr 2:1° 4j, 78%, dr 12:1

O OH O OH

o W

W

Cl N Br N

4c, 71%, dr 8:1° 4d, 62%, dr 5:1°

|O OH

O OH
"\© al
~ N N
\_s

49, 75%, dr 5:1 4h, 80%, dr 10:1

O OH R O OH
NC -

N N

41, R=F, 76%, dr 10:1°
4m, R = Cl, 78%, dr > 20:1

4k, 90%, dr 15:1

@ Reaction conditions (unless otherwise noted): 1 (0.1 mmol), 2a (0.12 mmol), morpholine (15 mol%), EtOH (1 mL), at 120 ‘C, 16 h; isolated yield after column
chromatography, dr was determined by "H NMR spectroscopy. At 140 ‘C.<At80 C.

Table 3 Substrate scope for the synthesis of 3-benzoyl tetrahydroquinolines”

OH
CHO OH
morpholine (15 mol%)
+ R'—\ A
N ' N ,120°C
DR
n
1 2 n=1~3
9 OH o oH
N N
40, 0% 4p, 82%, dr > 20:1
OH |O OH
A N N OCHs
CHa I

4q, 76%, dr 7:1

4r, 83%, dr > 20:1

4s, 88%, dr 1.5:1°

4@ Reaction conditions (unless otherwise noted): 1 (0.1 mmol), 2 (0.12 mmol), morpholine (15 mol%), EtOH (1 mL), at 120 C, 16 h; isolated yield after column

chromatography, dr was determined by 'H NMR spectroscopy. ? At 140 C.

uted dimers of 4-hydroxycoumarin with broad-range of
pharmaceutical and biological potencies.l'”? Accordingly,
many methods have been reported in recent years for effi-
cient synthesis of biscoumarins with the promotion of var-
ious catalysts.''! Based on the X-ray crystallographic
analysis of 6a (see Supporting Information), the hydrogen-
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bonding interaction between the ortho-tertiary amine of the
o-aminobenzaldehydes 1 and the hydroxyl of 4-hydroxy-
coumarin 2 might play the significant role of the reaction.
Hence, we wanted to investigate the generality of the hy-
drogen-bonding assisted one-pot Knoevenagel condensa-
tion/Michael addition for construction of zwitterionic bis-

2791
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Scheme 2 Confirmation of the relative configuration of the
main diastereoisomer

coumarins 6 without using extra catalyst and solvent (Ta-
ble 4). Notably, the o-aminobenzaldehydes bearing a vari-
ety of substituents were tolerated for the transformation,
affording the zwitterionic biscoumarins 6a~6e in good
yields. In addition, 4-hydroxycoumarins carrying substitu-
ents on phenyl ring were suitable for the transformation as
well, affording the corresponding products 6f and 6g in
65% and 64% yields, respectively.

In order to insight into the mechanism, several control
experiments were conducted (Egs. 1~4). The results of
the reaction solvent comparison showed that single high
temperature could not promote the hydrolysis/decarboxy-
lation of the lactonic ring 3a, and EtOH played the key role
in the hydrolysis/decarboxylation process (Egs. 1 and 2).
On the other hand, the addition of morpholine could accel-
erate the hydrolysis/decarboxylation process, and longer
transformation time was needed in EtOH without morpho-
line (Eqs. 3 and 4).

On the basis of our experiments and precedent re-
ports,l’*78%1 a plausible mechanism was proposed (Scheme
3). Initially, the Knoevenagel condensation occurs between
o-aminobenzaldehyde 1 and 4-hydroxycoumarin 2 in the
presence of secondary amine, generating the electron-defi-
cient alkene A. Then A initiates the intramolecular [1,5]-
hydride transfer to furnish the zwitterionic intermediate B.
The intramolecular cyclization operates to afford the
spirocyclic tetrahydroquinoline C. The followed hydroly-
sis/decarboxylation of the lactonic ring takes place in
EtOH at high temperature under the acceleration of mor-
pholine to deliver the final 3-mono-(ortho-hydroxyben-
zoyl) substituted tetrahydroquinoline 4. On the other hand,
when the N,N'-dimethyl group substituted benzaldehyde
was used, the zwitterionic biscoumarin was obtained via
path B. Initially, the intermolecular hydrogen-bonding in-
teraction forms between N,N'-dimethyl group substituted
benzaldehyde and 4-hydroxycoumarin, and the followed
nucleophilic addition occurs which benefits from the small

Table 4 The scope for synthesis of zwitterionic biscoumarin derivatives®

OH
X CHO
R'1— N
_— Me *+ R2|_
N S
(0]

catalyst-free
solvent-free
—_—

6d, 70% 6e, 64%

6f, 65%

9 Reaction conditions: 1 (0.1 mmol), 2a (0.1 mmol) at room temperature, 14 h; isolated yields after column chromatography.
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steric hindrance of the N,N'-dimethyl group, affording the
condensation product electron-deficient alkene. The further
hydrogen-bonding interaction between nitrogen atom and
hydroxyl weakens the hydride transfer ability of the o-
C(sp®)—H of the amine and enhances the feasibility of the
intermolecular Michael-addition (model D). Finally, the
zwitterionic biscoumarin 6 is provided switchably by utili-
zation of N,N'-dimethyl group substituted benzaldehyde.

3 Conclusions

In conclusion, we have developed the facile construction
of the 3-mono-(ortho-hydroxybenzoyl) substituted tetra-
hydroquinolines through the EtOH mediated cascade Kno-
evenagel condensation/[1,5]-hydride transfer/cyclization/
hydrolysis/decarboxylation sequence from 4-hydroxy-
coumarins and o-aminobenzaldehydes. In addition, a vari-
ety of zwitterionic biscoumarin derivatives could be
provided as well under catalyst- and solvent-free condition
at room temperature via hydrogen-bonding assisted one-
pot Knoevenagel condensation/Michael addition.

4 Experimental section

4.1 General experimental information

Unless otherwise noted, all reagents and solvents were
purchased from the commercial sources and used as re-
ceived. Proton nuclear magnetic resonance spectra ('H
NMR) were recorded on a Bruker 500 MHz NMR spectro-
meter (CDCl; or DMSO-ds solvent). The chemical shifts
were reported downfield from SiMes (6 0.0) and rela-

4a
3a 72 h, 92% yield
~H-0
O OH e
) S /
CrA
N7 No
L G CHa
D
hydrogen-bonding condensation
interaction
CHO OH
B (0]
NAR' _
path A R 0" 0 path B
c R = CH,R'
1 2
cyclization condensation morpholine hydrogen-bonding
interaction
(0]
hydride
N T
| ;
B -
Scheme 3 A plausible mechanism
Chin. J. Org. Chem. 2021, 41, 2788~2799 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2793
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tive to the signal of chloroform-d (6 7.26, singlet) or di-
methyl sulfoxide-ds (6 2.50, gintet). Carbon nuclear mag-
netic resonance spectra ('*C NMR) was referenced to the
appropriate residual solvent peak. High resolution mass
spectral analysis (HRMS) was performed on Waters XE-
VO G2 Q-TOF.

4.2 General procedure for the synthesis of spiro-
cyclic tetrahydroquinoline 3a

A reaction tube was charged with o-aminobenzaldehyde
(1, 0.1 mmol), 4-hydroxycoumarin (2, 0.12 mmol), mor-
pholine (15 mol%) and DCE (1.0 mL). The mixture was
stirred at 80 ‘C under an air atmosphere. Upon comple-
tion of the reaction as indicated by thin-layer chromatog-
raphy (TLC) analysis, the mixture was concentrated in
vacuo and the residue was directly purified by flash col-
umn chromatography on silica gel (eluent: petroleum
ether/ethyl acetate, V' . V=30 : 1) to afford

1',2',3",3a'-Tetrahydro-5'H-spiro[ chromane-3,4'-pyrrolo-
[1,2-a]quinoline]-2,4-dione (3a): 30.0 mg, 93% yield, dr
7 : 3. Yellow solid, m.p. 152~153 °C; 'H NMR (500
MHz, CDCls, major diastereomer) d: 7.96 (dd, J=7.8, 1.4
Hz, 1H), 7.68~7.63 (m, 1H), 7.28 (t, J=7.5 Hz, 1H),
7.24~7.19 (m, 1H), 7.18 (d, J/=8.3 Hz, 1H), 7.05 (d, J=
7.4 Hz, 1H), 6.66 (t, J=7.5 Hz, 1H), 6.59 (d, /=8.1 Hz,
1H), 3.84 (dd, /=9.4, 5.5 Hz, 1H), 3.61~3.56 (m, 1H),
3.56~3.53 (m, 1H), 3.35 (dd, /=10.7, 5.2 Hz, 1H), 3.05
(d, J=16.4 Hz, 1H), 2.00 (dt, J/=7.1, 5.7 Hz, 1H), 1.93
(td, J/=7.1, 3.5 Hz, 2H), 1.65~1.59 (m, 1H); *C NMR
(125 MHz, CDCIl3;, major diastereomer) d: 192.7, 164.9,
155.2, 143.2, 137.4, 1284, 127.6, 127.2, 125.0, 118.5,
118.4, 117.7, 117.4, 116.3, 111.4, 63.9, 55.2, 47.6, 36.2,
28.1, 23.5; HRMS (ESI) caled for CyH;sNO; [M+H]"
320.1281, found 320.1292.

4.3 General procedure for the synthesis of 3-(ortho-
hydroxybenzoyl) tetrahydroquinolines 4

A reaction tube was charged with o-aminobenzaldehyde
1 (0.1 mmol), 4-hydroxycoumarin 2 (0.12 mmol), morpho-
line (15 mol%) and EtOH (1.0 mL). The mixture was
stirred at 120 C under an air atmosphere. Upon comple-
tion of the reaction as indicated by TLC analysis, the mix-
ture was concentrated in vacuo and the residue was directly
purified by flash column chromatography on silica gel (el-
uent: petroleum ether) to afford the desired or-
tho-hydroxybenzoyl decorated tetrahydroquinoline 4.

(1,2,3,3a,4,5-Hexahydropyrrolo[ 1,2-a]quinolin-4-y1)(2-
hydroxyphenyl)methanone (4a): 23.4 mg, 80% yield, dr
>20 : 1. Pale yellow oil. '"H NMR (500 MHz, CDCl5) 6:
12.52 (s, 1H), 7.80 (d, J=28.1 Hz, 1H), 7.50 (t, J=7.8 Hz,
1H), 7.15 (t, J=7.7 Hz, 1H), 7.03 (t, J=6.9 Hz, 2H), 6.90
(t, J=7.6 Hz, 1H), 6.60 (t, J=7.3 Hz, 1H), 6.51 (d, J=8.1
Hz, 1H), 3.75 (td, J=9.9, 5.0 Hz, 1H), 3.46 (t, /=8.6 Hz,
1H), 3.42~3.33 (m, 1H), 3.26 (dd, /=16.7, 9.2 Hz, 1H),
3.13~3.05 (m, 1H), 2.97 (dd, J=15.6, 3.8 Hz, 1H), 2.13
(dt, J/=12.0, 6.0 Hz, 1H), 2.06 (dd, /=13.1, 6.6 Hz, 1H),
2.02~1.91 (m, 1H), 1.42 (ddd, J=22.3, 11.6, 7.5 Hz, 1H);
3C NMR (126 MHz, CDCl3) 6: 207.9, 162.0, 142.7, 135.7,

2794 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

129.0, 127.4, 126.8, 119.0, 118.3, 118.0, 117.8, 114.1,
109.3, 58.9, 46.0, 42.8, 32.6, 30.5, 22.8; HRMS (ESI)
caled for C1oHaoNO, [M+H]" 294.1494, found 294.1498.
(2-Hydroxyphenyl)(8-methyl-1,2,3,3a,4,5-hexahydro-
pyrrolo[1,2-a]quinolin-4-yl)methanone (4b): 23.3 mg, 76%
yield, dr 10 : 1. Pale yellow oil. '"H NMR (500 MHz,
CDCl3) o: 12.52 (s, 1H), 7.79 (d, J=S8.1 Hz, 1H), 7.54~
747 (m, 1H), 7.02 (d, J=8.4 Hz, 1H), 6.96~6.86 (m,
2H), 6.44 (d, J=7.5 Hz, 1H), 6.34 (s, 1H), 3.74 (td, J=
9.9, 5.1 Hz, 1H), 3.46 (t, J/=8.3 Hz, 1H), 3.41~3.32 (m,
1H), 3.26 (dd, J=16.7, 9.2 Hz, 1H), 3.09~3.00 (m, 1H),
2.94 (dd, J=15.5, 3.8 Hz, 1H), 2.31 (s, 3H), 2.13 (dt, J=
12.0, 5.9 Hz, 1H), 2.10~2.03 (m, 1H), 1.97 (tdd, /=10.1,
9.5, 6.1 Hz, 1H), 1.41 (ddd, J=22.1, 11.7, 7.5 Hz, 1H);
13C NMR (126 MHz, CDCls) d: 209.0, 163.0, 143.6, 137.6,
136.7, 130.0, 128.4, 119.3, 119.1, 118.8, 117.2, 115.9,
111.0, 59.9,47.1,44.2,33.4, 31.6, 23.9, 21.6; HRMS (ESI)
caled for C20H2NO, [M+H]" 308.1651, found 308.1655.
(8-Chloro-1,2,3,3a,4,5-hexahydropyrrolo[ 1,2-a]quino-
lin-4-yl)(2-hydroxyphenyl)methanone (4¢): 23.2 mg, 71%
yield, dr 8 : 1. Pale yellow oil. '"H NMR (500 MHz,
CDCl3) d: 12.46 (s, 1H), 7.78 (dd, J=8.1, 1.2 Hz, 1H),
7.55~7.47 (m, 1H), 7.06~6.99 (m, 1H), 6.90 (dd, J=
12.3, 4.3 Hz, 2H), 6.54 (dd, /=7.9, 1.9 Hz, 1H), 6.45 (d,
J=1.9 Hz, 1H), 3.72 (td, J=10.0, 5.0 Hz, 1H), 3.42 (dd,
J=8.9, 7.8 Hz, 1H), 3.32 (ddd, /=12.0, 9.8, 4.0 Hz, 1H),
3.22 (dt, J=16.7, 8.4 Hz, 1H), 2.96 (ddd, /=19.7, 15.5,
8.2 Hz, 2H), 2.18~2.05 (m, 2H), 2.03~1.91 (m, 1H),
1.47~1.35 (m, 1H); '3C NMR (126 MHz, CDCl) ¢:
208.4, 163.1, 144.6, 136.9, 133.3, 129.9, 129.2, 119.2,
119.1, 118.9, 118.4, 114.7, 110.0, 59.8, 47.1, 43.6, 33.2,
31.6, 23.9; HRMS (ESI) caled for C19H;9CINO, [M+H]"
328.1104, found 328.1107.
(8-Bromo-1,2,3,3a,4,5-hexahydropyrrolo[ 1,2-a]quino-
lin-4-y1)(2-hydroxyphenyl)methanone (4d): 22.6 mg, 62%
yield, dr 5 . 1. Pale yellow oil. '"H NMR (500 MHz,
CDCl3) o: 12.46 (s, 1H), 7.80~7.74 (m, 1H), 7.54~7.47
(m, 1H), 7.02 (d, J=8.4 Hz, 1H), 6.94~6.88 (m, 1H),
6.86 (d, /=79 Hz, 1H), 6.68 (dd, J=7.9, 1.7 Hz, 1H),
6.59 (d, J/=1.6 Hz, 1H), 3.71 (td, J/=10.0, 5.0 Hz, 1H),
3.41 (t, J=8.6 Hz, 1H), 3.32 (ddd, /=11.8, 10.0, 4.1 Hz,
1H), 3.21 (dd, J=16.8, 9.4 Hz, 1H), 2.98 (dd, J=15.2,
12.3 Hz, 1H), 2.91 (dd, J=15.7, 4.1 Hz, 1H), 2.16~2.03
(m, 2H), 2.02~1.92 (m, 1H), 1.41 (qd, J/=11.9, 7.3 Hz,
1H); 3C NMR (126 MHz, CDCl;) &: 208.4, 163.1, 144.8,
136.9, 129.9, 129.6, 121.4, 119.2, 119.1, 119.0, 118.9,
117.7, 112.8, 59.8, 47.1, 43.5, 33.2, 31.6, 23.9; HRMS
(ESI) caled for CioH9BrNO, [M-+H]" 372.0599, found
372.0604.
(2-Hydroxyphenyl)(8-(trifluoromethyl)-1,2,3,3a,4,5-
hexahydropyrrolo[ 1,2-a]quinolin-4-yl)methanone (4e):
27.0 mg, 75% yield, dr 8 : 1. Pale yellow oil. '"H NMR
(500 MHz, CDCl3) d: 12.45 (s, 1H), 7.78 (dd, /=8.1, 0.9
Hz, 1H), 7.56~7.47 (m, 1H), 7.10 (d, J=7.7 Hz, 1H),
7.07~7.00 (m, 1H), 6.95~6.87 (m, 1H), 6.82 (d, J=17.7
Hz, 1H), 6.67 (s, 1H), 3.76 (td, /=10.0, 5.0 Hz, 1H), 3.49
(t, J=8.5 Hz, 1H), 3.42~3.32 (m, 1H), 3.28 (dd, J=16.8,
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9.4 Hz, 1H), 3.16~3.05 (m, 1H), 3.00 (dd, /=15.9, 3.8
Hz, 1H), 2.19~2.07 (m, 2H), 2.07~1.92 (m, 1H), 1.52~
1.36 (m, 1H); C NMR (126 MHz, CDCls) J: 208.2,
163.1, 143.8, 137.0, 130.5, 130.1 (q, /=31.8 Hz), 129.9,
128.6, 124.5 (q, J=270.5 Hz), 123.6, 119.3, 119.2, 118.9,
111.49 (q, J/=3.9 Hz), 106.46 (q, /=3.8 Hz), 60.0, 47.1,
43.2,33.4,31.6, 23.8; HRMS (ESI) calcd for Cy0H9F3NO;
[M+H]" 362.1368, found 362.1372.
4-(2-Hydroxybenzoyl)-1,2,3,3a,4,5-hexahydropyrrolo-
[1,2-a]quinoline-8-carbonitrile (4f): 25.7 mg, 81% yield,
dr 15 . 1. Pale yellow oil. '"H NMR (500 MHz, CDCl5) &:
12.33 (s, 1H), 7.71 (d, J=7.4 Hz, 1H), 7.50~7.42 (m,
1H), 6.99 (dd, J=14.7, 8.0 Hz, 2H), 6.85 (t, J/=7.6 Hz,
1H), 6.79 (dd, J=17.6, 0.8 Hz, 1H), 6.60 (s, 1H), 3.69 (td,
J=10.0, 5.0 Hz, 1H), 3.39 (t, J/=8.7 Hz, 1H), 3.31~3.23
(m, 1H), 3.17 (dd, /=16.8, 9.4 Hz, 1H), 3.03 (dd, J=15.8,
12.4 Hz, 1H), 2.92 (dd, J=16.2, 3.8 Hz, 1H), 2.13~2.02
(m, 2H), 2.01~1.87 (m, 1H), 1.38 (ddd, /=22.5, 11.9, 7.4
Hz, 1H); '*C NMR (126 MHz, CDCl) ¢: 206.8, 162.1,
142.8, 136.1, 128.8, 127.9, 124.2, 118.8, 118.2, 118.1,
1179, 117.6, 111.6, 110.1, 58.9, 46.0, 41.8, 32.5, 30.5,
22.8; HRMS (ESI) caled for CyH;oN,O, [M+H]"
319.1447, found 319.1452.
(2-Hydroxyphenyl)(8-(thiophen-2-yl)-1,2,3,3a,4,5-hexa-
hydropyrrolo[1,2-a]quinolin-4-yl)methanone (4g): 28.1
mg, 75% yield, dr 5 : 1. Pale yellow oil. 'H NMR (500
MHz, CDCl3) ¢: 12.51 (s, 1H), 7.81 (d, /=8.0 Hz, 1H),
7.51 (t, J=7.7 Hz, 1H), 7.28 (d, J=3.4 Hz, 1H), 7.25 (d,
J=5.9 Hz, 1H), 7.09~7.06 (m, 1H), 7.05~7.01 (m, 2H),
6.91 (t, J=7.6 Hz, 1H), 6.87 (d, J=7.6 Hz, 1H), 6.71 (s,
1H), 3.78 (td, J/=9.9, 5.0 Hz, 1H), 3.54 (t, J=8.7 Hz, 1H),
343~337 (m, 1H), 3.33 (dd, J=16.9, 9.2 Hz, 1H),
3.14~3.05 (m, 1H), 2.99 (dd, J=15.7, 3.8 Hz, 1H),
2.19~2.06 (m, 2H), 2.04~1.95 (m, 1H), 1.44 (qd, J=
11.8, 7.5 Hz, 1H); '*C NMR (126 MHz, CDCls) dJ: 208.7,
163.1, 145.3, 144.0, 136.9, 134.1, 130.0, 128.9, 127.8,
124.2, 122.7, 119.7, 1193, 119.1, 118.9, 113.2, 107.8,
60.0, 47.1, 43.9, 33.5, 31.6, 23.9; HRMS (ESI) caled for
C23HNO,S [M+H]" 376.1371, found 376.1375.
(7-Chloro-1,2,3,3a,4,5-hexahydropyrrolo[ 1,2-a]quino-
lin-4-yl)(2-hydroxyphenyl)methanone (4h): 26.1 mg, 80%
yield, dr 10 : 1. Pale yellow oil. 'H NMR (500 MHz,
CDCl;) d: 12.46 (s, 1H), 7.78 (dd, J=8.1, 1.3 Hz, 1H),
7.59~7.44 (m, 1H), 7.07 (dd, J=38.6, 2.2 Hz, 1H), 7.03
(dd, J/=8.4, 0.6 Hz, 1H), 7.00 (d, /=1.8 Hz, 1H), 6.94~
6.88 (m, 1H), 6.40 (d, J=28.6 Hz, 1H), 3.72 (td, J/=10.0,
5.1 Hz, 1H), 3.43 (td, J/=8.9, 1.6 Hz, 1H), 3.34 (ddd, J=
13.2, 9.8, 3.8 Hz, 1H), 3.23 (td, /=9.3, 7.5 Hz, 1H), 3.06
(dd, J=15.7, 12.2 Hz, 1H), 2.92 (dd, /=15.8, 3.8 Hz, 1H),
2.10 (ddt, J=14.3, 13.0, 6.4 Hz, 2H), 2.02~1.91 (m, 1H),
1.48~1.36 (m, 1H); '3C NMR (126 MHz, CDCl) ¢:
208.4, 163.1, 142.3, 136.9, 129.9, 128.1, 127.4, 121.5,
119.7, 119.2, 119.1, 118.9, 111.3, 60.0, 47.2, 43.5, 33.4,
31.5, 23.8; HRMS (ESI) caled for C19H;sCINO, [M+H]"
328.1104, found 328.1108.
(7-Bromo-1,2,3,3a,4,5-hexahydropyrrolo[1,2-a]quino-
lin-4-yl)(2-hydroxyphenyl)methanone (4i): 20.4 mg, 55%
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yield, dr 2 : 1. Pale yellow oil. '"H NMR (500 MHz,
CDCl3) d: 12.46 (s, 1H), 7.77 (d, J=38.0 Hz, 1H), 7.51 (4,
J=17.6 Hz, 1H), 7.19 (d, J=8.6 Hz, 1H), 7.12 (s, 1H), 7.03
(d, J/=8.4 Hz, 1H), 6.91 (t, J/=7.6 Hz, 1H), 6.35 (d, J/=8.6
Hz, 1H), 3.71 (td, J/=10.0, 5.1 Hz, 1H), 3.42 (t, /=28.8 Hz,
1H), 3.36~3.29 (m, 1H), 3.21 (dd, /=16.8, 9.2 Hz, 1H),
3.09~3.00 (m, 1H), 291 (dd, J=15.8, 3.7 Hz, 1H),
2.16~2.04 (m, 2H), 2.01~1.92 (m, 1H), 1.42 (qd, J=
11.7, 7.5 Hz, 1H); *C NMR (126 MHz, CDCls) ¢: 208.3,
163.1, 142.7, 137.0, 130.8, 130.3, 129.9, 122.1, 119.3,
119.2, 118.9, 111.8, 106.7, 60.0, 47.2, 43.5, 33.3, 31.5,
23.9; HRMS (ESI) caled for CjoH;9BrNO, [M+H]"
372.0599, found 372.0593.
(2-Hydroxyphenyl)(7-(trifluoromethyl)-1,2,3,3a,4,5-he-
xahydropyrrolo[1,2-a]quinolin-4-yl)methanone (4j): 28.1
mg, 78% yield, dr 12 : 1. Pale yellow oil. 'H NMR (500
MHz, CDCl;) o: 12.44 (s, 1H), 7.78 (d, J/=28.1 Hz, 1H),
7.51 (t, J=7.8 Hz, 1H), 7.35 (d, /=8.4 Hz, 1H), 7.25 (s,
1H), 7.03 (d, /=8.4 Hz, 1H), 6.91 (t, J/=7.6 Hz, 1H), 6.48
(d, J/=8.5 Hz, 1H), 3.78 (td, /=10.0, 5.0 Hz, 1H), 3.50 (t,
J=9.0 Hz, 1H), 3.39~3.31 (m, 1H), 3.27 (dd, J=17.2,
9.4 Hz, 1H), 3.12~3.03 (m, 1H), 2.99 (dd, J=15.7, 3.9
Hz, 1H), 2.20~2.07 (m, 2H), 2.04~1.93 (m, 1H), 1.48~
1.38 (m, 1H); '3C NMR (126 MHz, CDCls) §: 208.1,
163.1, 145.9, 137.0, 129.9, 125.4 (q, J=3.8 Hz), 125.2 (q,
J=270.9 Hz), 125.1 (q, J=3.8 Hz), 119.7, 119.3, 119.2,
118.9, 116.5 (q, J/=3.3 Hz), 109.5, 60.0, 47.1, 43.3, 33.5,
31.6, 238, HRMS (ESI) calcd for C20H19F3N02 [NI‘“H]+
362.1368, found 362.1372.
4-(2-Hydroxybenzoyl)-1,2,3,3a,4,5-hexahydropyrrolo-
[1,2-a]quinoline-7-carbonitrile (4k): 28.6 mg, 90% yield,
dr 15 : 1. Pale yellow oil. '"H NMR (500 MHz, CDCls) 6:
12.29 (s, 1H), 7.70 (d, J/=8.0 Hz, 1H), 7.45 (t, /=7.8 Hz,
1H), 7.30 (d, J=8.5 Hz, 1H), 7.18 (d, J=5.2 Hz, 1H), 6.96
(d, J/=8.4 Hz, 1H), 6.85 (t, J/=7.6 Hz, 1H), 6.37 (d, J=8.5
Hz, 1H), 3.72 (td, J/=10.2, 4.9 Hz, 1H), 3.44 (t, /=9.2 Hz,
1H), 3.34~3.16 (m, 2H), 3.01~2.84 (m, 2H), 2.08 (ddd,
J=20.5, 12.6, 6.4 Hz, 2H), 1.99~1.86 (m, 1H), 1.37 (qd,
J=11.9, 7.2 Hz, 1H); BC NMR (126 MHz, CDCl) d:
207.6, 163.1, 146.5, 137.2, 132.4, 131.8, 129.8, 120.8,
120.4, 119.3, 119.0, 110.1, 96.5, 60.1, 47.1, 42.9, 33.1,
31.5, 237, HRMS (ESI) calcd for Con]gNzOz [NI‘“H]Jr
319.1447, found 319.1441.
(6-Fluoro-1,2,3,3a,4,5-hexahydropyrrolo[1,2-a]quino-
lin-4-y1)(2-hydroxyphenyl)methanone (41): 23.6 mg, 76%
yield, dr 10 : 1. Pale yellow oil. '"H NMR (500 MHz,
CDCl3) o: 12.48 (s, 1H), 7.82~7.76 (m, 1H), 7.54~7.46
(m, 1H), 7.11~7.00 (m, 2H), 6.90 (t, J/=7.6 Hz, 1H), 6.35
(t, J=8.7 Hz, 1H), 6.27 (d, /=8.2 Hz, 1H), 3.69 (td, J=
9.9, 5.1 Hz, 1H), 3.44 (td, J/=9.0, 1.5 Hz, 1H), 3.35~3.19
(m, 3H), 2.78 (dd, J=16.2, 12.3 Hz, 1H), 2.14 (dt, J=
11.8, 5.8 Hz, 1H), 2.11~2.04 (m, 1H), 1.96 (ddt, /=10.1,
6.9, 6.2 Hz, 1H), 1.52~1.37 (m, 1H); *C NMR (126
MHz, CDCl) ¢: 208.6, 163.1, 160.9 (d, /=240.0 Hz),
145.20 (d, J=7.8 Hz), 136.9, 130.0, 128.15 (d, J=10.8
Hz), 119.3, 119.1, 118.9, 107.1 (d, J/=20.2 Hz), 106.06 (d,
J=2.2 Hz), 101.9 (d, J=22.5 Hz), 59.4, 47.3, 43.2, 31.5,
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26.1, 23.7; HRMS (ESI) caled for C9H;oFNO, [M+H]"
312.1400, found 312.1405.
(6-Chloro-1,2,3,3a,4,5-hexahydropyrrolo[ 1,2-a]quino-
lin-4-yl)(2-hydroxyphenyl)methanone (4m): 25.5 mg, 78%
yield, dr>20 : 1. Pale yellow oil. 'H NMR (500 MHz,
CDCl;) d: 12.48 (s, 1H), 7.81 (dd, J=8.1, 1.2 Hz, 1H),
7.56~7.48 (m, 1H), 7.05 (t, J/=8.3 Hz, 2H), 6.96~6.89
(m, 1H), 6.68 (d, /=7.8 Hz, 1H), 6.40 (d, /=8.2 Hz, 1H),
3.69 (td, J/=10.0, 5.1 Hz, 1H), 3.43 (td, /=9.0, 1.8 Hz,
1H), 3.40~3.25 (m, 3H), 2.87 (dd, J=16.6, 12.4 Hz, 1H),
2.14 (dt, J/=10.4, 4.7 Hz, 1H), 2.11~2.04 (m, 1H), 1.98
(tdd, J=10.3, 9.5, 6.2 Hz, 1H), 1.51~1.39 (m, 1H); 3C
NMR (126 MHz, CDCls) d: 208.4, 163.1, 145.0, 136.9,
134.0, 130.0, 128.0, 119.3, 119.2, 118.9, 117.9, 115.9,
108.8, 59.4, 47.2, 43.7, 31.5, 30.9, 23.8; HRMS (ESI)
caled for CiH;9CINO, [M + H] "~ 328.1104, found
328.11009.
(5,6,6a,60,7,8,9,10,10a,11-Decahydroisoindolo[2,1-a]-
quinolin-6-yl)(2-hydroxyphenyl)methanone (4n): 24.2 mg,
70% yield, dr 1.2 : 1. Pale yellow oil. '"H NMR (500 MHz,
CDCls) d: 12.59 (s, 1H), 12.54 (s, 1H), 7.79 (ddd, J=38.1,
4.3, 1.4 Hz, 2H), 7.54~7.48 (m, 2H), 7.15 (t, J=7.7 Hz,
2H), 7.07~7.00 (m, 4H), 6.93~6.87 (m, 2H), 6.59 (dd,
J=15.7, 7.6 Hz, 2H), 6.50 (dd, /=15.6, 8.1 Hz, 2H), 3.95
(t, J=9.5 Hz, 1H), 3.63~3.55 (m, 2H), 3.38~3.27 (m,
3H), 3.24 (d, J/=8.2 Hz, 1H), 3.07 (ddd, J=35.9, 15.3,
12.1 Hz, 2H), 2.91 (d, /=3.4 Hz, 1H), 2.88 (d, /=3.4 Hz,
1H), 2.81 (dd, /=10.6, 8.7 Hz, 1H), 2.18 (dd, J/=11.1, 5.6
Hz, 1H), 2.03~1.93 (m, 2H), 1.81~1.63 (m, 5H), 1.42
(ddd, J=16.9, 12.3, 7.1 Hz, 5H), 1.31~1.20 (m, 4H),
1.18~1.09 (m, 3H); '3C NMR (126 MHz, CDCls) ¢:
209.8, 209.2, 162.9, 162.8, 144.2, 143.6, 136.8, 129.8,
129.7, 128.4, 128.3, 127.9, 127.7, 120.0, 119.9, 119.8,
119.7, 119.2, 119.1, 118.8, 118.8, 114.9, 114.6, 110.4,
109.6, 65.0, 60.1, 53.8, 52.1, 50.8, 43.9, 43.4, 42.6, 37.4,
34.2, 34.0, 29.1, 28.8, 28.4, 25.8, 25.6, 25.6, 25.0, 21.2.
HRMS (ESI) caled for Cx3HysNO, [M+H]" 348.1964,
found 348.19609.
(2-Hydroxyphenyl)(5,6,64,7,8,9,10,11-octahydroaze-
pino[1,2-a]quinolin-6-yl)methanone (4p): 26.3 mg, 82%
yield, dr>20 : 1. Pale yellow oil. 'H NMR (500 MHz,
CDCl;) d: 12.40 (s, 1H), 7.86 (dd, J=8.1, 1.3 Hz, 1H),
7.54~748 (m, 1H), 7.10 (dd, J=14.4, 7.3 Hz, 2H),
7.05~7.01 (m, 1H), 6.97~6.92 (m, 1H), 6.63 (t, /=74
Hz, 2H), 4.01 (ddd, /=10.0, 7.3, 3.1 Hz, 2H), 3.81~3.74
(m, 1H), 3.47 (dd, J=16.6, 13.1 Hz, 1H), 3.25~3.15 (m,
1H), 2.69 (dd, J=16.7, 4.4 Hz, 1H), 2.16~2.04 (m, 1H),
1.62~1.51 (m, 4H), 1.46~1.30 (m, 3H); '*C NMR (126
MHz, CDCl) d: 206.6, 163.0, 143.0, 136.5, 129.6, 129.6,
127.5,119.1, 119.0, 118.8, 118.7, 115.6, 110.0, 61.0, 50.0,
43.5, 30.5, 26.2, 25.9, 25.5, 24.6; HRMS (ESI) calcd for
C21H24NO, [M+H]" 322.1807, found 322.1809.
(1,2,3,3a,4,5-Hexahydropyrrolo[ 1,2-a]quinolin-4-yl)(2-
hydroxy-5-methylphenyl)methanone (4q): 23.3 mg, 76%
yield, dr 7 . 1. Pale yellow oil. '"H NMR (500 MHz,
CDCl;) o: 12.34 (s, 1H), 7.57 (s, 1H), 7.35~7.28 (m, 1H),
7.15 (t, J=17.6 Hz, 1H), 7.05 (d, J=7.3 Hz, 1H), 6.93 (d,
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J=28.5 Hz, 1H), 6.61 (t, J/=7.3 Hz, 1H), 6.51 (d, J=28.1
Hz, 1H), 3.76 (td, J=9.9, 5.0 Hz, 1H), 3.47 (t, J=8.5 Hz,
1H), 3.41~3.33 (m, 1H), 3.27 (dd, /=16.7, 9.2 Hz, 1H),
3.12~3.03 (m, 1H), 2.97 (dd, J=15.6, 3.8 Hz, 1H), 2.28
(s, 3H), 2.17~2.03 (m, 2H), 2.02~1.91 (m, 1H), 1.41 (qd,
J=11.7, 7.5 Hz, 1H); BC NMR (126 MHz, CDCl) :
208.8, 161.0, 143.8, 1379, 129.7, 128.6, 128.2, 127.9,
120.1, 119.0, 118.6, 115.1, 110.3, 59.9, 47.1, 43.7, 33.8,
31.6, 23.9, 20.5; HRMS (ESI) caled for Cy0H2oNO, [M+
H]" 308.1651, found 308.1655.

(5-Fluoro-2-hydroxyphenyl)(1,2,3,3a,4,5-hexahydropy-
rrolo[1,2-a]quinolin-4-yl)methanone (4r): 25.8 mg, 83%
yield, dr>20 : 1. Pale yellow oil. 'H NMR (500 MHz,
CDCl3) d: 12.24 (s, 1H), 7.46 (dd, J=9.1, 2.9 Hz, 1H),
7.28~7.21 (m, 1H), 7.15 (t, J=7.7 Hz, 1H), 7.04 (d, J=
7.3 Hz, 1H), 7.00 (dd, J=9.1, 4.5 Hz, 1H), 6.62 (t, J=7.3
Hz, 1H), 6.51 (d, J/=S8.1 Hz, 1H), 3.74 (td, /=9.9, 5.1 Hz,
1H), 3.47 (t, J=8.7 Hz, 1H), 3.26 (dt, J=9.6, 6.4 Hz, 2H),
3.13~3.04 (m, 1H), 2.97 (dd, J=15.5, 3.7 Hz, 1H), 2.11
(ddd, J/=22.3, 12.8, 6.5 Hz, 2H), 2.03~1.93 (m, 1H), 1.42
(qd, J=11.7, 7.6 Hz, 1H); '3C NMR (126 MHz, CDCl;) &:
208.2 (d, J=2.6 Hz), 159.2, 155.0 (d, J/=239.4 Hz), 143.6,
128.5, 127.9, 124.5 (d, J=23.9 Hz), 120.1 (d, J=7.3 Hz),
119.7, 118.7 (d, J=6.1 Hz), 115.3, 114.9 (d, J=22.7 Hz),
110.4, 59.9, 47.1, 44.2, 33.7, 31.6, 23.9; HRMS (ESI)
caled for CoHpoFNO, [M + H] © 312.1400, found
312.1405.

(1,2,3,3a,4,5-Hexahydropyrrolo[ 1,2-a]quinolin-4-yl)(2-
hydroxy-4-methoxyphenyl)methanone (4s): 28.4 mg, 88%
yield, dr 1.5 : 1. Pale yellow oil. 'H NMR (500 MHz,
CDCls) o: 13.05 (s, 1H), 7.69 (d, J=9.0 Hz, 1H), 7.14 (t,
J=7.7 Hz, 1H), 7.04 (d, J=7.3 Hz, 1H), 6.60 (t, J=7.3
Hz, 1H), 6.50 (d, /=38.1 Hz, 1H), 6.46 (d, /=2.4 Hz, 1H),
6.44 (dd, J=8.9, 2.5 Hz, 1H), 3.85 (s, 3H), 3.73 (td, J=
9.9,5.1 Hz, 1H), 3.45 (dt, J=8.8, 4.5 Hz, 1H), 3.30~3.21
(m, 2H), 3.15~3.06 (m, 1H), 2.92 (dd, J=15.6, 3.7 Hz,
1H), 2.15~2.09 (m, 1H), 2.06 (dd, /=13.3, 6.4 Hz, 1H),
2.00~1.92 (m, 1H), 1.41 (ddd, J=22.1, 11.8, 7.4 Hz, 1H);
13C NMR (126 MHz, CDCl5) d: 206.8, 166.5, 166.1, 143.8,
131.7, 128.6, 127.8, 120.3, 115.1, 113.6, 110.3, 107.9,
101.2, 60.0, 55.7, 47.1, 43.6, 33.6, 31.6, 23.9; HRMS (ESI)
caled for C0H2NO; [M+H]" 324.1594, found 324.1588.

4.4 General procedure for the synthesis of sulfonyl-
protected product 51

A solution of Tosyl chloride (0.15 mmol), ortho-hydr-
oxybenzoyl decorated tetrahydroquinoline 41 (0.1 mmol),
and triethylamine (0.1 mmol) in CH,Cl, (1 mL) was stirred
at 45 ‘C for 6 h. Water (20 mL) was added, and the reac-
tion mixture was extracted with CH,Cl, (10 mLX2). The
organic layers were combined, dried (Na;SO,), concen-
trated under reduced pressure, and purified by column
chromatography on silica gel to give the desired product 51
(83% yield).

2-(6-Fluoro-1,2,3,3a,4,5-hexahydropyrrolo[ 1,2-a]quino-
line-4-carbonyl)phenyl  4-methylbenzenesulfonate  (5I):
38.6 mg, 83% yield. Pale yellow solid, m.p. 170~172 C;
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'H NMR (500 MHz, CDCL3) 6: 7.65 (d, J=8.0 Hz, 2H),
7.60 (d, J=7.6 Hz, 1H), 7.47 (t, J=7.7 Hz, 1H), 7.36 (t,
J=75 Hz, 1H), 7.27~7.22 (m, 3H), 7.03 (dd, J=15.0,
7.7 Hz, 1H), 6.32 (t, J=8.7 Hz, 1H), 6.22 (d, J=8.1 Hz,
1H), 3.45 (td, J=9.8, 5.1 Hz, 1H), 3.37 (t, J=8.9 Hz, 1H),
3.18 (dd, J=17.0, 8.9 Hz, 1H), 3.14~3.06 (m, 1H), 2.96
(dd, J=16.2, 3.3 Hz, 1H), 2.56 (dd, J=16.0, 12.6 Hz, 1H),
2.42 (s, 3H), 2.13~2.06 (m, 1H), 2.05~1.97 (m, 1H),
1.95~1.82 (m, 1H), 1.36 (dt, J=19.7, 11.5 Hz, 1H); 1°C
NMR (126 MHz, CDCl3) 6: 203.2, 161.0 (d, J=230.6 Hz),
147.1, 146.0, 145.1 (d, J=7.6 Hz), 133.6, 132.9, 131.9,
130.3, 129.9, 128.4, 127.7 (d, J=11.3 Hz), 127.3, 123.0,
107.2 (d, J=20.2 Hz), 105.8, 101.8 (d, J=22.7 Hz), 59.5,
48.3, 47.0, 31.5, 24.6, 23.8, 21.7; HRMS (ESI) calcd for
Ca6HasFNO4S [M-+H]" 466.1488, found 466.1496.

4.5 General procedure for the synthesis of zwitte-
rionic biscoumarin derivatives 6

A reaction tube was charged with o-aminobenzaldehyde
1 (0.1 mmol), 4-hydroxycoumarin 2 (0.1 mmol). The mix-
ture was stirred at room temperature under an air atmos-
phere. Upon completion of the reaction as indicated by
TLC analysis, the mixture was concentrated in vacuum and
the residue was directly purified by flash column chroma-
tography on silica gel [eluent: ethyl acetate/petroleum ether
(Vi V=1 1:1)] to afford the desired zwitterionic biscou-
marin derivative 6.
3-((2-(Dimethylammonio)phenyl)(4-hydroxy-2-oxo-2H-
chromen-3-yl)methyl)-2-oxo0-2 H-chromen-4-olate (6a):
34.2 mg, 75% yield. White solid, m.p. 120~122 C; 'H
NMR (500 MHz, CDCl3) ¢: 8.01 (d, J="7.7 Hz, 2H), 7.78
(s, 1H), 7.36 (d, J=6.6 Hz, 2H), 7.23~7.15 (m, 4H), 7.10
(d, J=7.7 Hz, 3H), 6.73 (s, 1H), 2.79 (s, 6H); 1*C NMR
(126 MHz, CDCI3) 4: 170.0, 168.4, 152.3, 136.4, 131.7,
130.6, 127.9, 124.9, 123.9, 119.6, 115.9, 103.4, 46.5, 32.9.
HRMS (ESI) caled for CyH»NOs [M+H]'™ 456.1447,
found: 456.1440.
3-((2-(Dimethylammonio)-4-methylphenyl)(4-hydroxy-
2-o0x0-2H-chromen-3-yl)methyl)-2-oxo-2H-chromen-4-
olate (6b): 37.9 mg, 81% yield. White solid, m.p. 130~
132 ‘C; '"H NMR (500 MHz, CDCI;) §: 8.04 (d, J=7.8
Hz, 2H), 7.72 (d, J/=6.7 Hz, 1H), 7.40 (t, J/=7.3 Hz, 2H),
7.21 (t, J=7.5 Hz, 2H), 7.14 (d, J=7.7 Hz, 2H), 7.04 (d,
J=7.7 Hz, 1H), 6.95 (s, 1H), 6.70 (s, 1H), 2.90 (s, 6H),
2.28 (s, 3H); '*C NMR (126 MHz, CDCls) J: 169.9, 168.4,
152.3, 137.9, 133.4, 131.6, 130.6, 125.0, 123.8, 119.6,
115.9, 103.4, 46.6, 32.5, 21.1; HRMS (ESI) calcd for
CsH2aNOg [M+H]" 470.1604, found 470.1600.
3-((4-Bromo-2-(dimethylammonio)phenyl)(4-hydroxy-
2-0x0-2H-chromen-3-yl)methyl)-2-oxo-2H-chromen-4-
olate (6¢): 33.0 mg, 62% yield. White solid, m.p. 126~
128 C; '"H NMR (500 MHz, CDCl;) §: 7.92 (d, J=17.8
Hz, 2H), 7.45 (t, J=7.6 Hz, 2H), 7.24 (t, J=7.1 Hz, 5H),
7.20 (d, J=1.5 Hz, 1H), 7.14 (dd, J=8.5, 1.5 Hz, 1H),
6.18 (s, 1H), 2.50 (s, 6H); '3C NMR (126 MHz, CDCl;) 6:
168.2, 152.1, 132.3, 130.8, 128.6, 124.6, 124.5, 124.1,
121.3, 117.7, 116.3, 104.7, 44.7, 34.1; HRMS (ESI) calcd
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for C27H21BrNOg [M+H]" 534.0552, found 534.0547.
3-((2-(Dimethylammonio)-5-fluorophenyl)(4-hydroxy-
2-ox0-2H-chromen-3-yl)methyl)-2-oxo-2H-chromen-4-
olate (6d): 33.1 mg, 70% yield. White solid, m.p. 124~
126 ‘C; '"H NMR (500 MHz, CDCl;) d: 7.96 (d, J=7.1
Hz, 2H), 7.36 (d, J=23.0 Hz, 3H), 7.16 (s, 2H), 7.05 (s,
3H), 6.85 (s, 1H), 6.63 (s, 1H), 2.56 (s, 6H); *C NMR (126
MHz, CDCl;) o: 170.1, 168.5, 160.9 (d, /=248.8 Hz),
152.2, 131.8, 124.9, 124.0, 1194, 117.1 (d, J=20.0 Hz),
115.8, 114.5 (d, J=22.5 Hz), 103.3, 46.3, 33.4; HRMS
(ESI) caled for Co7H2 FNOg [M~+H]" 474.1353, found
474.1358.
3-((5-Chloro-2-(dimethylammonio)phenyl)(4-hydroxy-
2-ox0-2H-chromen-3-yl)methyl)-2-oxo-2H-chromen-4-
olate (6e): 31.3 mg, 64% yield. White solid, m.p. 129~
131 °‘C; '"H NMR (500 MHz, CDCl;) J: 7.96 (d, J=6.8
Hz, 2H), 7.56 (s, 1H), 7.37 (s, 2H), 7.23~7.12 (m, 3H),
7.08 (s, 2H), 7.00 (d, J=7.7 Hz, 1H), 6.50 (s, 1H), 2.46 (s,
6H); 3C NMR (126 MHz, CDCl;) J: 168.5, 152.1, 131.9,
129.8, 127.9, 124.9, 124.1, 119.1, 115.8, 103.6, 45.6, 33.6.
HRMS (ESI) caled for Co7Hy CINOs [M+H]" 490.1057,
found 490.1050.
6-Chloro-3-((6-chloro-4-hydroxy-2-oxo-2 H-chromen-3-
yI)(2-(dimethylammonio)phenyl)methyl)-2-oxo0-2H-
chromen-4-olate (6f): 50.5 mg, 65% yield. Pale yellow oil.
'H NMR (500 MHz, DMSO-ds) 6: 7.73 (d, J=2.5 Hz,
2H), 7.49 (dd, J=8.7, 2.6 Hz, 2H), 7.29 (d, /J=28.7 Hz,
2H), 7.22 (d, J=7.7 Hz, 1H), 7.11 (q, J=7.7 Hz, 2H),
6.97~6.92 (m, 1H), 6.35 (s, 1H), 2.33 (s, 6H); '3C NMR
(126 MHz, DMSO-ds) 6: 165.8, 164.3, 153.2, 151.3, 139.5,
130.6, 129.3, 127.4, 127.0, 124.1, 123.5, 122.5, 122.2,
117.9, 105.6, 45.5, 34.6; HRMS (ESI) calcd for
Co7H2CLNOs  [M+H]" 524.0662, found 524.0672.
7-Bromo-3-((7-bromo-4-hydroxy-2-oxo-2H-chromen-3-
yl)(2-(dimethylammonio)phenyl)methyl)-2-oxo-2 H-chro-
men-4-olate (6g): 58.1 mg, 64% yield. Pale yellow oil. 'H
NMR (500 MHz, DMSO-dg) 6: 7.72 (d, J=8.4 Hz, 2H),
7.52 (d, J=1.7 Hz, 2H), 7.38 (dd, J=8.4, 1.8 Hz, 2H),
7.22 (d, J/=7.8 Hz, 1H), 7.10 (q, J=7.4 Hz, 2H), 6.95 (t,
J=7.3 Hz, 1H), 6.32 (s, 1H), 2.33 (s, 6H); '*C NMR (126
MHz, DMSO-ds) J: 166.5, 164.2, 153.2, 139.7, 129.3,
126.9, 126.3, 126.2, 124.1, 123.4, 122.5, 120.0, 118.6,
105.1, 45.6, 34.6. HRMS (ESI) calcd for C,7;H20BroNOg
[M+H]" 611.9652, found 611.9661.

Supporting Information X-ray crystal structure of 51
(CIF) and 6a (CIF), 'H NMR and *C NMR spectra of 3a,
4a~4n, 4p~4s, 51 and 6a~6g. The Supporting Infor-
mation is available free of charge via the Internet at http://
sioc-journal.cn/.
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