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ABSTRACT: The chemoselective annulation of aza-ortho-quinone Rt
methide generated by in situ o-chloromethyl sulfonamide has been RN\ ES e R2
achieved with bifunctional acyclic olefin. This efficient approach Q e R B\ Y]
provides access to the diastereoselective synthesis of functionalized ~ - s IQRS
tetrahydroquinoline derivatives containing indole scaffolds through Rt __ e RL@N\é main product |

the inverse-electron-demand aza-Diels—Alder reaction under mild , , R R
reaction conditions with excellent results (up to 93% yield, > 20:1 " dodiion L/ Iy
dr). Moreover, this article realized the cyclization of a-halogeno NI

5
not observed R

hydrazone with electron-deficient alkene affording the tetrahy-

dropyridazine derivatives, which had never been reported.

B INTRODUCTION

Recent research indicated N-biheteroarenes play an important
role in dyes and pharmaceuticals, such as antibacterial agent 2-
(1H-indol-3-yl)tetrahydroquinoline." Tetrahydroquinoline and
indole skeleton widely exist in the core structure of the natural
product and exhibits a broad spectrum of biological activities,
respectively.” Therefore, it is of great value to construct the
tetrahydroquinoline-indole linked heterobiarene framework for
the discovery of functional and pharmaceutically active
molecules. To date, these methods for the synthesis of
tetrahydroquinoline containing indole scaffold are very limited.
An early example, Jiao’s group developed a selective ring-
expansion reaction mediated by the Pd(OAc), providing the
polysubstituted tetrahydroquinoline-indole scaffold (Scheme
la).” In 2012, the C—H amination of tetrahydroquinoline was
contributed by Nishibayashi and co-workers affording
biheteroarenes with the assistance of a visible-light-photoredox
catalyst (Scheme 1b).* Later, Zhang and Chandrasekharam’s
group disclosed a Cu/Ir-catalyzed direct a-functionalization
strategy through the dehydrogenative cross C(sp®)-C(sp*)
coupling of tetrahydroquinolines and indoles (Scheme 1c).”
Recently, the dearomative double nucleophilic addition to
quinolines accessing tetrahydroqulnollne was described by Yu’s
group (Scheme 1d).° Although some efficient strategies have
been established, it limited their application using a metal
catalyst, oxidation, or harsh reaction condition. Thus, it is still
highly desirable to exploit a mild, metal-free, and easy-to-
operate method for constructing the tetrahydroquinoline
skeleton bearing indole.

Aza-ortho-quinone methides (aza-0-QMs) generated in situ
via the o-chloromethyl sulfonamide were widely employed as
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Scheme 1. Synthesis of Tetrahydroquinoline
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the four atoms building blocks for the construction of N-
containing heterocyclic compounds through [4 + n]
annulation reaction.””'® Especially, the [4 + 2] cycloaddition
reaction attracted extensive attention since the Diels—Alder
reaction of aza-0-QMs with C2 synthons has been disclosed by
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Corey’s group.'' In 2019, Liu’s group discovered the

cycloaddition reaction between 1,3,5-triazinane and o-chlor-
omethyl sulfonamide could form various tetrahydroquinazoline
derivatives with the assistance of the base.'* Besides, much
effort has been devoted to developing the cycloaddition of aza-
0-QMs with a cyclic alkene, such as furan, azlactone, bicyclic
alkene oxabenzonorbornene, and [60] fullerene affording
diverse quinoline scaffold through hetero-Diels—Alder reaction
(Scheme 2a)."*~"® Moreover, You’s group reported a concise

Scheme 2. [4 + 2] Annulation of Aza-ortho-quinone
Methides
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synthesis of tetrahydro-SH-indolo[2,3-b]quinoline using o-
chloromethyl sulfonamide and 1,3-dimethyl-1H-indole as the
substances (Scheme 2b).'° It is worth noting that the

cycloaddition product of acyclic olefin was not detected,
while the substrate contains acyclic olefin and cyclic olefin
functional groups (Scheme 2¢)."” Furthermore, because indole
has excellent reactivity,'”'® there is no example of the
chemoselective intermolecular [4 + 2] annulation of aza-
ortho-quinone methide with 1,2 disubstituted acyclic olefin in
the presence of acyclic olefin and indole. Achievement of such
a transformation is particularly challenging, because of (1) the
potential competing dimerization of the aza-0-QMs and self-
nucleophilic addition reaction;'**'? (2) it may suppress the
occurrence of this transformation that indole could react with
aza-0-QMs;'“'® (3) compared with acyclic olefin, cyclic olefins
have priority reactivi'fy.”’18 In view of our continued interest in
the annulation reaction of aza-ortho-quinone methides,”*"*"
we envisioned the chemoselective annulation of aza-ortho-
quinone methide 1 with 3-vinylindoles 2°° would occur, which
could provide a mild and metal-free method to form the
functionalized tetrahydroquinoline containing indole frame-
work.

B RESULTS AND DISCUSSION

With these considerations in mind, we began our investigation
using o-chloromethyl sulfonamide 1a as the four-atom building
blocks and bifunctional acyclic olefin 2a as the C2 synthon
under the basic conditions to screen effective parameters. The
initial experiment was performed in the presence of KOH (0.2
mmol), 1la (0.15 mmol), and 2a (0.1 mmol) in dichloro-
methane (DCM) at room temperature. The corresponding [4
+ 2] annulation product 3a was obtained in 48% isolated yield
(Table 1, entry 1). The structure of 3a was identified through
NMR analysis and confirmed by X-ray crystallographic
analysis.”' Interestingly, the cycloaddition product 4a between
indole and aza-0-QMs was not obtained, which indicated the

Table 1. Screening of Optimal Reaction Conditions”

h

P
(;\(\m + CEC Na,COs/Solvent
NHTs N 2h.rt
H
1a 2

a

entry base
1 KOH
2 NaOH
3 KO'Bu
4 DBU
N TEA
6 TEDA
7 K,CO;
8 Na,CO,
9 Cs,CO;3
10 KHCO;
11 Na,CO,4
12 Na,CO,
13 Na,CO,
14 Na,CO;
15° Na,CO,
16 Na,CO,

h

P
NH pZ
oRAYsa e
NN

Ts

“Ph

3a (>20:1 dr) 4a, not observed

solvent yield of 3a (%)”
DCM 48
DCM S0
DCM 19
DCM <10
DCM <S
DCM trace
DCM 71
DCM 83
DCM 67
DCM 79
DCE 42
CHC, 74
MeCN 86
THF 20
THF 76¢
THF 847

“Reaction conditions: 1a (0.15 mmol), 2a (0.1 mmol), and base (0.2 mmol) were reacted for 2 h at room temperature. The dr value was
determined by the crude 'HNMR analysis. 4a was not detected in this transformation. “Isolated yield based on 2a. “Reaction was performed at 0

°C. “Reaction was performed at 66 °C.
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reaction has excellent selectivity. As shown in Table I,
screening of various bases was conducted at room temperature
(Table 1, entries 1—10). These results indicated: (1) the type
of base has a significant impact on this transformation (Table
1, entries 1—3 vs entries 4—6); (2) organic base 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU), triethylamine (TEA),
and 1,4-diazabicyclo[2.2.2]octane (TEDA) could not effec-
tively promote the annulation proceeding (Table 1, entries 4—
6); and (3) inorganic bases presented a better performance in
yield (Table 1, entries 7—10), and Na,CO, was proven to be
the appropriate base for this cycloaddition reaction with 83%
yield (Table 1, entry 8). To find the optimal condition, various
solvents were screened with Na,CO; as the base. Moderate
yields (42%—86%) were provided in dichloroethane (DCE),
trichloromethane (CHCL;), and acetonitrile (MeCN) (Table
1, entries 11—13). The best yield (90%) was afforded using
THF (Table 1, entry 14). In addition, raising and decreasing
the temperature could not further improve the yield of 3a
(Table 1, entries 15—16).

With the aforementioned optimal reaction conditions
established, the scope of o-chloromethyl sulfonamides 1 and
bifunctional acyclic olefin 2 with various substituted groups
was examined. As shown in Table 2, the first part of the
substrate scope was screened using (E)-3-styryl-1H-indole 2a
and the aza-ortho-quinone methides 1 bearing various
substituted phenyl rings as the starting material. A series of
o-chloromethyl sulfonamides 1 bearing different electron-
withdrawing substituents (—Cl, —Br) on the 3- or 4- position
of aromatic ring underwent smoothly, offering the [4 + 2]
annulation product in good to excellent yield (3b, 3¢, and 3d).
Besides, the tetrahydroquinoline derivative 3e featuring
electron-donating groups on the aromatic group was formed
in 88% vyield under standard conditions. However, when the
methyl group was at the 7- and 8-positions on the aromatic
ring of 1, the reaction mixture was so complicated that the
expected product could not be obtained. Significantly, starting
material 1 containing different electrical properties of the
group on the aromatic ring was tolerated in this reaction
providing the desired product 3g in 79% yield. Subsequently,
the effect of substrates possessing different protecting groups
on this reaction was studied. Due to the strong electron-
withdrawing group (—COOELt) and large sterically hindered
group (—Boc) could block the cyclization process, 3h could
not be accessed. To our delight, N-(2-(chloromethyl) phenyl)
methanesulfonamide was compatible with the [4 + 2]
cycloaddition reaction affording 3i in 71% yield with >20:1
dr. Encouraged by these promising results, 3-vinylindole 2
containing different substituents was synthesized to further
evaluate the generality of this transformation. First, the
substituted group on the nitrogen atom of indole was tested.
When switching the hydrogen atom to the benzyl group, the
desired compound 3j could be obtained in 74%. Furthermore,
this protocol was amenable to the 3-vinylindole substrates with
electron-withdrawing groups, such as —F, —Cl, —Br groups and
delivered the corresponding product 3k—3m in good to
excellent yields with high diastereoselectivities (67%—93%
yields, >20:1 dr). Moreover, when the methyl group is on the
3- or 4- position of the benzene ring, tetrahydroquinoline
skeletons bearing indole were achieved as a single diaster-
eoisomer in 80% and 85% yields, respectively (3n, 30).
Compared with 3i, 3m, and 3p, it was found that the [4 + 2]
annulation between the mesyloxy-protected o-chloromethyl
sulfonamide 1 and bifunctional acyclic olefin 2 containing an

Table 2. Substrate Scope of Reaction”

R3\/ N\
—_— RA
_ &5 N

.y
Na,CO3 THF N = R?
BN cl N 2C03, = 3
+ Rre-ft N\
AN )

3f, complex
R = 8-methyl, 7,8-dimethyl

BNH
3h, trace 3i, 71%

R" = COOEt, Boc

3s,71% NH 3t, 82%

“Reaction conditions: 1 (0.15 mmol), 2 (0.1 mmol), and Na,CO;
(0.2 mmol) were reacted at room temperature. The dr value was
determined by the crude '"HNMR analysis; bIsolated yield based on 2.

electron-withdrawing or electron-donating group could pro-
ceed smoothly, giving the desired product with excellent
diastereoselectivity. In addition, bifunctional olefin 2 with a
methyl or Br group at the five positions on the indole ring
could also work well under the optimal reaction conditions,
providing the cycloaddition products 3q—3r in moderate yields
(78%, 85%, >20:1 dr). In addition, the ether functional group
was also compatible in this process, giving the cycloaddition
product 3s in 71%. Furthermore, 3t could be delivered in 82%
yield via this conversion using the Cl substituted group at the
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Scheme 3. Gram-Scale Reactions and Transformations
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six positions on the indole ring and aza-0-QMs la as the
starting materials.

Encouraged by these excellent results, the cyclization of o-
chloromethyl sulfonamide 1a with tetrahydroquinoline scaffold
bearing indole 3a was performed. To our disappointment, the
desired product 4 could not be afforded (Scheme 3a).
Although various bifunctional olefins, such as ethyl (E)-3-
(1H-indol-3-yl) acrylate S, styrene Sa, (E)-1,2-diphenylethene
Sb, and ethene-1,1-diyldibenzene Sc, were applied in this
process, the [4 + 2] cycloaddition product could not be
furnished, which indicated bifunctional acyclic olefins contain-
ing indole is necessary for this transformation (Scheme 3b—e).
Our previous work showed the reactivity of a-halogeno
hydrazone 7 is similar to 1a,”® and the [4 + 2] annulation
reaction between a-halogeno hydrazone 7 and the electron-
deficient bifunctional acyclic olefin $ has been studied, utilizing
DCM as the solvent in the presence of KOH. This process
proceeded smoothly affording the tetrahydropyridazine 8 in
47% yield (>20:1 dr) (Scheme 3f), which had never been

reported. Moreover, a-halogeno hydrazone was a good C4
building block for the synthesis of 1-(6-(1H-indol-3-yl)-3,5-
diphenyl-S,6-dihydropyridazin-1(4H)-yl)ethan-1-one 9
(Scheme 3g). To gain insight into the utility of this
chemoselective cyclization of aza-ortho-quinone methide
precursor, a gram-scale experiment was performed under
standard conditions. Expected cycloaddition product 3a was
generated in 87% yield with excellent dr (>20:1) (Scheme 3h).

A plausible mechanism was proposed as shown in Scheme 4.
The cis-electron-poor heterodiene intermediate was generated
by 1a, in situ, under basic conditions. Meanwhile, 3-vinylindole
2a was employed as the electron-rich dienophile. Then, the
inverse-electron-demand hetero-Diels—Alder reaction between
2a and cis-electron-poor heterodiene would occur delivering
3a.

B CONCLUSIONS

In conclusion, we herein developed an inverse-electron-
demand hetero-Diels—Alder reaction between aza-ortho-

22355 https://doi.org/10.1021/acsomega.2c07036
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Scheme 4. Proposed Mechanism for Forming Product 3
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quinone methide precursor and bifunctional acyclic olefin
mediated by an inorganic base. This strategy provided a
convenient method to produce the highly functionalized
tetrahydroquinoline derivative containing indole scaffold
under mild reaction conditions with excellent results (63—
91% yields, >20:1 dr). Furthermore, our approach realized the
cyclization of a-halogeno hydrazone with electron-deficient
alkene which had never been reported.

B EXPERIMENTAL SECTION

General Information. The 'H and '*C NMR spectra were
recorded on a 400 MHz spectrometer with chloroform-d and
dimethyl sulfoxide-ds as the solvent. High-resolution mass
spectra (HRMS) were recorded on an FT-ICR MS
spectrometer. Column chromatography was performed on
silica gel 200—300 mesh. azoalkene precursors 1 and
bifunctional acyclic olefin 2 were synthesized according to
literature methods.””*"**

General Procedure for the Preparation of Dihydro-
pyrazole 3. To a stirred solution of the aza-ortho-quinone
methide precursor 1 (0.15 mmol) and Na,COj (0.2 mmol) in
THF (2 mL) at room temperature, bifunctional acyclic olefin 2
(0.1 mmol) was added. After 2 h, bifunctional acyclic olefin 2
disappeared, as indicated by the TLC. The mixture was
concentrated in vacuo, and the crude product was purified by
flash chromatography eluting with (petroleum ether/ethyl
acetate 10:1) to afford the products 3.

2-(1H-Indol-3-yl)-3-phenyl-1-tosyl-1,2,3,4-tetrahydroqui-
noline (3a). Ethyl acetate/petroleum ether = 1:10 as an eluent,
yellow solid (43 mg, 90%). MP: 164.4—175.9 °C. '"H NMR
(400 MHz, DMSO-d;) & 10.89 (d, ] = 2.6 Hz, 1H), 7.55—7.50
(m, 1H), 7.45-7.29 (m, 6H), 7.28—7.17 (m, SH), 7.06—6.91
(m, SH), 6.81 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H), 5.54 (d, ] = 9.3
Hz, 1H), 3.31 (ddd, ] = 12.4, 9.3, 3.4 Hz, 1H), 2.54—2.50 (m,
1H), 2.37 (s, 3H), 1.92 (dd, J = 14.2, 12.0 Hz, 1H). 3C NMR
(100 MHz, DMSO-d;) & 143.80, 142.19, 136.51, 136.16,
135.78, 135.35, 129.71, 128.57, 127.74, 127.39, 127.27, 126.89,
126.21, 124.85, 123.83, 120.99, 119.01, 118.56, 115.63, 111.76,
61.41, 50.08, 33.36, 21.07. HRMS (ESI): m/z calcd for
C3oH,N,NaO,S [M + Na]*: 501.1607, found $01.1601.

6-Chloro-2-(1H-indol-3-yl)-3-phenyl-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3b). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (43 mg, 84%). MP: 109.1—-121.2 °C. 'H
NMR (400 MHz, Chloroform-d): & 8.01 (s, 1H), 7.63 (d, ] =
8.6 Hz, 1H), 7.44—7.35 (m, 2H), 7.30 (dd, J = 8.8, 2.0 Hz,
2H), 7.23—7.09 (m, 7H), 7.01 (d, ] = 8.0 Hz, 1H), 6.93 (ddd, J
= 8.0, 69, 1.1 Hz, 1H), 6.87—6.80 (m, 2H), 6.78 (d, J = 2.3
Hz, 1H), 5.50 (d, J = 9.1 Hz, 1H), 3.39 (ddd, J = 12.2, 9.1, 3.6
Hz, 1H), 2.50 (dd, J = 14.5, 3.5 Hz, 1H), 2.42 (s, 3H), 2.10
(dd, J = 14.5, 11.5 Hz, 1H). *C NMR (100 MHz,

Chloroform-d): § 143.95, 142.03, 136.78, 136.60, 136.29,
135.47,131.27, 129.68, 128.68, 127.78, 127.68, 127.64, 127.62,
127.28, 127.20, 124.96, 123.43, 122.01, 119.74, 119.58, 116.61,
111.58, 62.44, 49.45, 33.12, 21.75. HRMS (ESI): m/z calcd for
C30H,5CIN,NaO,S [M + Nal*: 5§35.1217, found 535.1217.
6-Bromo-2-(1H-indol-3-yl)-3-phenyl-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3c). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (48 mg, 87%). MP: 138.5—142.4 °C. 'H
NMR (400 MHz, Chloroform-d) 6 7.97 (d, ] = 2.4 Hz, 1H),
7.57 (d, ] = 8.6 Hz, 1H), 7.44 (dd, ] = 8.6, 2.3 Hz, 1H), 7.39—
7.35 (m, 2H), 7.31 (d, ] = 8.3 Hz, 1H), 7.27 (d, J = 2.3 Hz,
1H), 7.22—7.16 (m, SH), 7.13 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H),
7.03 (d, ] = 8.0 Hz, 1H), 6.95 (ddd, J = 8.0, 6.9, 1.0 Hz, 1H),
6.88—6.83 (m, 2H), 6.81 (d, ] = 2.5 Hz, 1H), 5.52 (d, ] = 9.0
Hz, 1H), 3.44—3.38 (m, 1H), 2.51 (dd, ] = 14.7, 3.7 Hz, 1H),
2.42 (s, 3H), 2.14 (dd, ] = 14.6, 11.3 Hz, 1H). 3C NMR (100
Hz, Chloroform-d) & 143.94, 142.03, 136.78, 136.71, 136.31,
136.05, 130.62, 130.59, 129.68, 128.70, 127.90, 127.64, 127.32,
127.22, 124.97, 123.39, 122.08, 119.65, 119.15, 116.70, 111.55,
62.34, 4927, 32.96, 21.76. HRMS (ESI): m/z calcd for
C4oH,sBrN,NaO,S [M + Na]*: §79.0712, found 579.0718.
5-Chloro-2-(1H-indol-3-yl)-3-phenyl-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3d). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (42 mg, 82%). MP: 186.8—191.6 °C. 'H
NMR (400 MHz, Chloroform-d) & 8.00 (s, 1H), 7.59 (d, ] =
7.4 Hz, 1H), 7.33—7.10 (m, 12H), 6.99—6.87 (m, 3H), 6.79
(d, J = 2.5 Hz, 1H), 5.64 (d, ] = 8.4 Hz, 1H), 3.47 (ddd, ] =
10.3, 8.4, 4.0 Hz, 1H), 2.97 (dd, ] = 15.4, 4.1 Hz, 1H), 2.40 (s,
3H), 2.18 (dd, ] = 15.4, 10.4 Hz, 1H). '*C NMR (100 MHz,
Chloroform-d) & 143.95, 142.18, 138.42, 136.76, 136.44,
132.59, 131.93, 129.64, 128.72, 127.70, 127.66, 127.38, 127.20,
126.32, 125.01, 124.25, 123.38, 122.13, 119.73, 119.65, 116.65,
111.55, 61.91, 48.19, 29.55, 21.75. HRMS (ESI): m/z calcd for
C30H,5sCIN,NaO,S [M + Na]*: 535.1217, found 535.1214.
2-(1H-Indol-3-yl)-5-methyl-3-phenyl-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3e). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (44 mg, 88%). MP: 118.9—124.6 °C. 'H
NMR (400 MHz, DMSO-d,) 6 10.88 (d, ] = 2.7 Hz, 1H),
7.36—7.19 (m, 10H), 7.12—6.97 (m, SH), 6.91 (d, J = 2.6 Hz,
1H), 6.87—6.81 (m, 1H), 5.61 (d, ] = 8.8 Hz, 1H), 3.34 (ddt, J
= 11.0, 8.7, 3.8 Hz, 1H), 2.58 (dd, J = 14.8, 3.8 Hz, 1H), 2.35
(s, 3H), 2.17 (s, 3H), 1.85 (dd, J = 14.9, 11.0 Hz, 1H). *C
NMR (100 MHz, DMSO-d,) 6 143.72, 142.53, 136.47, 136.14,
135.96, 135.00, 133.15, 129.59, 128.58, 127.46, 127.39, 126.99,
126.88, 126.32, 124.89, 123.73, 123.46, 121.04, 119.06, 118.59,
115.68, 111.74, 60.75, 49.00, 29.37, 21.07, 19.05. HRMS
(BSI): m/z caled for C5;H,gN,NaO,S [M + Na]*: 515.1764,
found 515.1763.
7-Chloro-2-(1H-indol-3-yl)-5-methyl-3-phenyl-1-tosyl-
1,2,3,4-tetrahydroquinoline (3g). Ethyl acetate/petroleum
ether = 1:10 as an eluent, yellow solid (42 mg, 79%). MP:
108.7—119.1 °C. '"H NMR (400 MHz, Chloroform-d) & 7.92
(s, 1H), 7.63 (d, J = 8.3 Hz, 2H), 7.34 (d, ] = 8.0 Hz, 2H),
7.32=7.27 (m, 2H), 7.17=7.09 (m, 4H), 7.01 (d, ] = 2.4 Hz,
1H), 6.89 (ddd, J = 8.1, 7.0, 1.0 Hz, 1H), 6.77—6.67 (m, 4H),
5.26 (d, ] = 9.8 Hz, 1H), 3.21 (ddd, ] = 13.2, 9.7, 3.2 Hz, 1H),
2.49 (s, 3H), 2.31 (dd, ] = 14.1, 3.3 Hz, 1H), 2.25 (s, 3H), 2.01
(t, J = 13.7 Hz, 1H). 3C NMR (100 Hz, Chloroform-d) &
144.21, 142.10, 141.53, 141.25, 136.88, 136.58, 134.39, 132.66,
130.08, 129.82, 128.53, 128.10, 127.47, 127.08, 125.09, 125.03,
123.28, 122.08, 119.73, 119.68, 116.50, 111.42, 63.06, 51.23,
34.44, 21.85, 19.63. HRMS (ESI): m/z calcd for
C;,H,,CIN,NaO,S [M + Nal]*: 5491374, found 5491374.
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2-(1H-Indol-3-yl)-1-(methylsulfonyl)-3-phenyl-1,2,3,4-tet-
rahydroqui-noline (3i). Ethyl acetate/petroleum ether = 1:10
as an eluent, yellow solid (28 mg, 71%). MP: 129.8—134.7 °C.
'"H NMR (400 MHz, Chloroform-d) & 7.99 (s, 1H), 7.61 (d, |
=8.2 Hz, 1H), 7.36—7.15 (m, 11H), 7.02 (ddd, ] = 8.1, 7.1, 1.0
Hz, 1H), 6.82 (d, ] = 2.5 Hz, 1H), 5.82 (d, J = 7.6 Hz, 1H),
3.62 (td, ] = 8.2, 4.3 Hz, 1H), 3.18 (dd, ] = 152, 8.7 Hz, 1H),
2.95 (dd, J = 15.2, 4.4 Hz, 1H), 2.42 (s, 3H). "*C NMR (100
MHz, Chloroform-d) & 142.17, 137.36, 136.74, 131.03, 128.80,
128.64, 127.98, 127.59, 127.20, 124.79, 124.54, 123.68, 122.39,
121.68, 119.92, 119.59, 115.78, 111.64, 61.27, 46.81, 40.28,
32.33. HRMS (ESI): m/z caled for C,,H,,N,NaO,S (M +
Na]*: 425.1294, found 425.1299.
2-(1-Benzyl-1H-indol-3-yl)-3-phenyl-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3j). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (42 mg, 74%). MP: 164.1—-168.7 °C. 'H
NMR (400 MHz, Chloroform-d) & 7.69 (dd, J = 8.0, 1.1 Hz,
1H), 7.42—7.38 (m, 2H), 7.34 (td, J = 7.8, 1.6 Hz, 1H), 7.25—
7.05 (m, 12H), 7.00 (d, J = 8.0 Hz, 1H), 6.90 (dd, ] = 6.9, 1.4
Hz, 3H), 6.81 (dd, ] = 6.6, 2.9 Hz, 2H), 6.77 (s, 1H), 5.41 (d, ]
=9.6 Hz, 1H), 5.22—5.09 (m, 2H), 3.35 (ddd, ] = 12.6, 9.6, 3.3
Hz, 1H), 2.51 (dd, ] = 14.2, 3.4 Hz, 1H), 2.40 (s, 3H), 2.15—
2.07 (m, 1H). *C NMR (100 MHz, Chloroform-d) & 143.57,
142.53, 137.62, 137.02, 136.87, 136.66, 135.76, 129.49, 128.71,
128.49, 127.69, 127.61, 127.58, 127.56, 127.48, 127.28, 127.22,
127.03, 126.53, 126.24, 125.93, 121.69, 120.31, 119.32, 116.03,
110.06, 62.73, 50.59, 49.89, 33.55, 21.73. HRMS (ESI): m/z
caled for C;H;,N,NaO,S [M + Nal]*: 5912077, found
591.2070.
3-(4-Bromophenyl)-2-(1H-indol-3-yl)-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3k). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (48 mg, 86%). MP: 168.5—173.2 °C. 'H
NMR (400 MHz, Chloroform-d) & 8.02 (s, 1H), 7.61 (dd, J =
7.9, 1.4 Hz, 1H), 7.38—7.02 (m, 12H), 6.98 (ddd, ] = 8.0, 6.9,
1.0 Hz, 1H), 6.82—6.74 (m, 3H), 5.59 (d, ] = 8.2 Hz, 1H),
347 (ddd, J = 10.0, 8.2, 42 Hz, 1H), 2.94 (dd, J = 15.5, 4.2
Hz, 1H), 2.41 (s, 3H), 2.19 (dd, J = 15.5, 10.0 Hz, 1H). *C
NMR (100 MHz, Chloroform-d) 5143.93, 141.07, 138.25,
136.65, 136.27, 132.56, 131.65, 131.0S, 129.49, 129.25, 127.66,
127.18, 126.18, 124.71, 123.85, 123.35, 122.12, 120.92, 119.63,
119.42, 116.05, 111.51, 61.51, 47.17, 31.92, 21.61. HRMS
(ESI): m/z calcd for C;,H,BrN,NaO,S [M + Na]*: 579.0712,
found 579.0719.
3-(4-Chlorophenyl)-2-(1H-indol-3-yl)-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (48 mg, 93%). MP: 114.0—123.7 °C. 'H
NMR (400 MHz, Chloroform-d) & 7.99 (s, 1H), 7.61 (dd, ] =
7.9, 1.4 Hz, 1H), 7.36—7.26 (m, 4H), 7.26—7.06 (m, 8H), 6.98
(ddd, J = 8.0, 7.0, 1.0 Hz, 1H), 6.86—6.80 (m, 3H), 5.59 (d, J
= 8.3 Hz, 1H), 3.48 (ddd, J = 10.0, 8.2, 4.1 Hz, 1H), 2.95 (dd,
J=15.5,4.2 Hz, 1H), 2.41 (s, 3H), 2.19 (dd, ] = 15.5, 10.1 Hz,
1H). 3C NMR (100 MHz, Chloroform-d) § 144.06, 140.70,
138.42, 136.79, 136.46, 132.99, 132.70, 131.30, 129.63, 129.04,
128.85, 127.80, 127.33, 126.35, 124.90, 124.0S, 123.45, 122.29,
119.80, 119.60, 116.29, 111.63, 61.72, 47.33, 29.35, 21.76.
HRMS (ESI): m/z caled for C;0H,CIN,NaO,S [M + Na]*:
535.1217, found 535.1213.
3-(4-Fluorophenyl)-2-(1H-indol-3-yl)- 1-(methylsulfonyl)-
1,2,3,4-tetrahydroquinoline (3m). Ethyl acetate/petroleum
ether = 1:10 as an eluent, yellow solid (28 mg, 67%). MP:
242.3—-244.6 °C. '"H NMR (400 MHz, Chloroform-d) & 8.14
(s, 1H), 7.53 (dd, J = 8.1, 1.1 Hz, 1H), 7.38—7.31 (m, 2H),
7.26—7.16 (m, 6H), 7.07—6.99 (m, 3H), 6.82 (d, ] = 2.5 Hz,

1H), 5.68 (d, ] = 8.2 Hz, 1H), 3.54 (dt, ] = 8.6, 4.4 Hz, 1H),
3.14 (dd, J = 14.9, 9.6 Hz, 1H), 2.92 (dd, ] = 15.0, 4.1 Hz,
1H), 2.51 (s, 3H). *C NMR (100 MHz, Chloroform-d) &
140.57, 137.19, 136.62, 132.78, 131.18, 129.14, 128.60, 128.49,
128.20, 127.58, 124.57, 123.68, 122.34, 121.87, 119.89, 119.39,
115.15, 111.62, 61.13, 47.11, 40.69, 32.67. HRMS (ESI): m/z
caled for Cy,H, FN,NaO,S [M + Na]*: 443.1200, found
443.1209.
2-(1H-Indol-3-yl)-3-(p-tolyl)-1-tosyl-1,2,3,4-tetrahydroqui-
noline (3n). Ethyl acetate/petroleum ether = 1:10 as an eluent,
yellow solid (39 mg, 80%). MP: 110.8—114.9 °C. '"H NMR
(400 MHz, Chloroform-d) 6 8.00 (d, J = 2.5 Hz, 1H), 7.59
(dd, J = 7.9, 1.3 Hz, 1H), 7.35—7.08 (m, 10H), 7.01 (d, ] = 7.8
Hz, 2H), 6.95 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H), 6.81—6.76 (m,
3H), 5.60 (d, ] = 8.5 Hz, 1H), 3.43 (ddd, ] = 10.5, 8.5, 4.0 Hz,
1H), 2.94 (dd, J = 15.3, 4.0 Hz, 1H), 2.40 (s, 3H), 2.30 (s,
3H), 2.13 (dd, J = 15.4, 10.6 Hz, 1H). *C NMR (100 MHz,
Chloroform-d) & 143.91, 139.17, 138.42, 136.78, 136.76,
136.46, 132.53, 132.21, 129.59, 129.35, 127.61, 127.52, 127.38,
126.35, 125.02, 124.40, 123.46, 122.05, 119.77, 119.57, 116.63,
111.56, 62.00, 47.90, 29.75, 21.74, 21.19. HRMS (ESI): m/z
caled for C;Hp,N,NaO,S [M + Nal*: 515.1764, found
515.1763.
(1H-indol-3-yl)-3-(m-tolyl)-1-tosyl-1,2,3,4-tetrahydroqui-
noline (30). Ethyl acetate/petroleum ether = 1:10 as an eluent,
yellow solid (41 mg, 85%). MP: 109.9—118.6 °C. 'H NMR
(400 MHz, Chloroform-d) & 8.05 (s, 1H), 7.60 (dd, J = 8.0,
1.2 Hz, 1H), 7.39-7.35 (m, 2H), 7.33—6.91 (m, 11H), 6.79
(d, J=2.5Hz, 1H), 6.72 (d, ] = 1.8 Hz, 1H), 6.69 (dt, ] = 7.4,
1.6 Hz, 1H), 5.64 (d, ] = 8.5 Hz, 1H), 3.46—3.40 (m, 1H),
2.97 (dd, J = 15.3, 4.1 Hz, 1H), 2.41 (s, 3H), 2.25 (s, 3H), 2.15
(dd, J = 15.3, 10.7 Hz, 1H). *C NMR (100 MHz,
Chloroform-d) & 143.95, 142.19, 138.44, 138.26, 136.77,
136.51, 132.49, 132.23, 129.64, 128.54, 128.32, 127.92, 127.63,
127.40, 126.41, 124.99, 124.78, 124.51, 123.43, 121.99, 119.72,
119.51, 116.61, 111.56, 61.89, 48.48, 29.87, 21.72, 21.57.
HRMS (ESI): m/z caled for C;H,sN,NaO,S [M + Na]*:
515.1764, found 515.1763.
2-(1H-indol-3-yl)-1-(methylsulfonyl)-3-(p-tolyl)-1,2,3,4-
tetrahydroquinoline (3p). Ethyl acetate/petroleum ether =
1:10 as an eluent, yellow solid (27 mg, 65%). MP: 196.4—
201.1 °C. 'H NMR (400 MHz, Chloroform-d) & 8.11 (d, J =
2.5 Hz, 1H), 7.58 (d, ] = 7.7 Hz, 1H), 7.31-7.22 (m, 4H),
7.17—7.12 (m, 2H), 7.07—6.93 (m, SH), 6.75 (d, ] = 2.5 Hz,
1H), 5.77 (d, J = 7.7 Hz, 1H), 3.55 (ddd, ] = 8.8, 7.7, 4.3 Hz,
1H), 3.12 (dd, J = 15.1, 8.9 Hz, 1H), 2.90 (dd, J = 15.2, 4.3
Hz, 1H), 2.41 (s, 3H), 2.27 (s, 3H). *C NMR (100 MHz,
Chloroform-d) & 139.14, 137.33, 136.75, 136.72, 131.33,
129.26, 128.73, 127.78, 127.50, 124.77, 124.53, 123.75, 122.24,
121.76, 119.77, 119.54, 115.62, 111.71, 61.35, 46.62, 40.26,
32.59, 21.14. HRMS (ESI): m/z caled for C,4H,,N,NaO,S [M
+ Na]*: 439.1451, found 439.1456.
2-(5-Methyl-1H-indol-3-yl)-3-phenyl-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3q). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (38 mg, 78%). MP: 176.3—183.2 °C. 'H
NMR (400 MHz, Chloroform-d) & 7.84 (s, 1H), 7.60 (dd, ] =
7.9, 1.3 Hz, 1H), 7.35—7.08 (m, 11H), 6.99—6.92 (m, 3H),
6.82 (d, ] = 1.7 Hz, 1H), 6.78 (d, ] = 2.5 Hz, 1H), 5.67 (d, ] =
8.1 Hz, 1H), 3.47 (ddd, ] = 10.0, 8.0, 4.2 Hz, 1H), 2.96 (dd, |
=15.5, 4.2 Hz, 1H), 2.40 (s, 3H), 2.30 (s, 3H), 2.24 (dd, ] =
15.5, 10.1 Hz, 1H). *C NMR (100 MHz, Chloroform-d)
6143.88, 142.33, 138.58, 136.61, 135.06, 132.69, 131.70,
129.62, 128.72, 127.79, 127.51, 127.43, 127.18, 126.18,
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125.25, 124.07, 123.74, 123.29, 119.56, 116.40, 111.10, 61.80,
48.09, 29.46, 21.74, 21.68. HRMS (ESI): m/z calcd for
C;H,sN,NaO,S [M + Na]*: 515.1764, found 515.1769.

2-(5-Bromo-1H-indol-3-yl)-3-phenyl-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3r). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (47 mg, 85%). MP: 145.5—153.6 °C. 'H
NMR (400 MHz, Chloroform-d) & 8.16 (s, 1H), 7.66 (dd, ] =
7.4, 1.9 Hz, 1H), 7.35-7.05 (m, 13H), 6.90—6.86 (m, 2H),
6.75 (d, ] = 1.9 Hz, 1H), 5.52 (d, ] = 8.8 Hz, 1H), 3.27 (ddd, J
=109, 8.7, 3.8 Hz, 1H), 2.95 (dd, J = 15.2, 3.8 Hz, 1H), 2.42
(s, 3H), 2.09 (dd, J = 15.3, 11.0 Hz, 1H). 3C NMR (100
MHz, Chloroform-d) & 144.22, 141.79, 138.12, 135.96, 135.25,
132.56, 132.39, 129.73, 128.79, 127.80, 127.72, 127.40, 127.34,
126.70, 126.55, 124.84, 124.67, 124.27, 122.20, 116.64, 112.99,
112.83, 61.95, 49.21, 29.75, 21.76. HRMS (ESI): m/z calcd for
C3oH,BrN,NaO,S [M + Na]*: 5§79.0712, found $79.0711.

2-(5-Methoxy-1H-indol-3-yl)-3-phenyl-1-tosyl-1,2,3,4-tet-
rahydroquinoline (3s). Ethyl acetate/petroleum ether = 1:10
as an eluent, yellow solid (36 mg, 71%). MP: 122.4—127.8 °C.
'"H NMR (400 MHz, Chloroform-d) & 7.84 (s, 1H), 7.73 (dd, J
= 8.0, 1.1 Hz, 1H), 7.46—7.41 (m, 2H), 7.37—7.32 (m, 1H),
7.26—7.09 (m, 8H), 6.84 (ddt, ] = 5.8, 2.6, 1.3 Hz, 2H), 6.79—
6.72 (m, 2H), 6.31 (d, J = 2.4 Hz, 1H), 543 (d, ] = 9.4 Hz,
1H), 3.48 (s, 3H), 3.35—3.28 (m, 1H), 2.50 (dd, J = 14.1, 3.5
Hz, 1H), 2.42 (s, 3H), 2.10 (dd, J = 14.0, 12.6 Hz, 1H). *C
NMR (100 MHz, Chloroform-d) & 153.73, 143.65, 142.66,
137.12, 136.83, 135.99, 131.88, 129.55, 128.59, 127.74, 127.60,
127.58, 127.38, 127.25, 127.09, 126.37, 125.42, 123.77, 117.12,
112.53, 112.12, 101.55, 62.62, 55.52, 50.81, 33.90, 21.74.
HRMS (ESI): m/z caled for C;H,sN,NaO;S [M + Na]*:
531.1713, found 515.1710.

2-(6-Chloro-1H-indol-3-yl)-3-phenyl-1-tosyl-1,2,3,4-tetra-
hydroquinoline (3t). Ethyl acetate/petroleum ether = 1:10 as
an eluent, yellow solid (36 mg, 82%). MP: 125.4—130.8 °C. 'H
NMR (400 MHz, Chloroform-d) & 8.00 (s, 1H), 7.63—7.58
(m, 1H), 7.34—7.11 (m, 10H), 6.98 (dd, J = 8.6, 1.9 Hz, 1H),
6.82 (d, ] =2.5Hz 1H),5.76 (d,] = 7.9 Hz, 1H), 3.52 (td, ] =
8.5, 4.2 Hz, 1H), 3.17 (dd, J = 15.1, 9.1 Hz, 1H), 2.93 (dd, ] =
15.1, 42 Hz, 1H), 246 (s, 3H). 3C NMR (100 MHz,
Chloroform-d) & 141.94, 137.16, 137.09, 131.36, 128.78,
128.72, 128.41, 127.93, 127.74, 127.33, 124.84, 124.23, 123.44,
122.06, 120.74, 120.45, 11632, 111.59, 61.16, 47.49, 40.15,
32.58. HRMS (ESI): m/z calcd for C,,H,,CIN,NaO,S [M +
Na]*: 459.0904, found 459.0908.

General Procedure for the Preparation of 8. To a
stirred solution of ethyl (E)-3-(1H-indol-3-yl)acrylate 5 (0.1
mmol) in DCM (2 mL) at room temperature in the presence
of KOH (2 mmol), a-halogeno hydrazone 7 (0.15 mmol) was
added. After 8 h, § disappeared, as indicated by TLC. The
mixture was concentrated in vacuo, and the crude product was
purified by flash chromatography eluting with (petroleum
ether/ethyl acetate 10:1) to afford the product 8 in 47%.

Ethyl 2-Acetyl-3-(1H-indol-3-yl)-6-phenyl-2,3,4,5-tetrahy-
dropyridazine-4-carboxylate (8). Ethyl acetate/petroleum
ether = 1:8 as an eluent, white solid (18 mg, 47%). MP:
191.4—198.3 °C. 'H NMR (400 MHz, Chloroform-d) & 8.19
(s, 1H), 7.82=7.71 (m, 2H), 7.65 (d, ] = 7.7 Hz, 1H), 7.45—
7.26 (m, 4H), 7.15 (dtd, J = 18.1, 7.2, 1.2 Hz, 2H), 6.70 (d, ] =
2.8 Hz, 1H), 6.61 (s, 1H), 4.29—4.07 (m, 2H), 3.55—3.47 (m,
1H), 3.02 (dt, ] = 17.9, 1.7 Hz, 1H), 2.50 (s, 3H), 2.35 (dd, ] =
17.8, 6.7 Hz, 1H), 1.31—-1.23 (m, 3H). *C NMR (100 MHz,
Chloroform-d) § 172.19, 171.78, 145.80, 137.31, 136.93,
129.50, 128.57, 125.59, 124.55, 122.58, 121.83, 119.97, 118.70,
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113.81, 111.70, 61.59, 47.11, 39.31, 29.84, 21.68, 14.34.
HRMS (ESI): m/z calcd for C,3Hy3N3NaO; [M + Nal*:
412.1632, found 412.1637.

General Procedure for the Preparation of 9. To a
stirred solution of 2a (0.1 mmol) in DCM (2 mL) at room
temperature in the presence of KOH (2 mmol), a-halogeno
hydrazone 7 (0.15 mmol) was added. After 8 h, 2a
disappeared, as indicated by the TLC. The mixture was
concentrated in vacuo, and the crude product was purified by
flash chromatography eluting with (petroleum ether/ethyl
acetate 10:1) to afford the product 9 in 67%.

1-(6-(1H-Indol-3-yl)-3,5-diphenyl-5,6-dihydropyridazin-
1(4H)-yl)ethan-1-one (9). Ethyl acetate/petroleum ether
1:10 as an eluent, yellow solid (26 mg, 67%). MP: 221.5—
227.6 °C. 'H NMR (400 MHz, Chloroform-d) & 8.27 (s, 1H),
7.85-7.78 (m, 2H), 7.77—7.69 (m, 1H), 7.41 (dd, J = 5.4, 1.9
Hz, 3H), 7.32—7.19 (m, 6H), 7.19—-7.11 (m, 2H), 6.70—6.65
(m, 1H), 627 (s, 1H), 3.88—3.82 (m, 1H), 2.85 (d, J = 18.1
Hz, 1H), 2.69 (dd, J = 18.3, 7.1 Hz, 1H), 2.48 (s, 3H). °C
NMR (100 MHz, Chloroform-d) § 172.62, 146.43, 142.39,
137.38, 136.95, 129.57, 128.95, 128.66, 127.17, 126.94, 125.55,
124.83, 122.38, 121.58, 119.80, 118.78, 115.20, 111.74, 51.03,
38.32, 24.79, 21.78. HRMS (ESI): m/z calcd for
Cy6H,3N3NaO [M + Nal*: 416.1733, found 416.1742.
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