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Synthesis of 2-Imino-1,2-dihydroquinolines via Copper Catalysis

Zhu, Gaige* Lai, Xiaohui® Wang, Siyu® Lin, Caixia™“ Yuan, Yaofeng™“

(College of Chemistry, Fuzhou University, Fuzhou 350108)

Abstract A mild three-component method for the synthesis of 2-imino-1,2-dihydroquinoline compounds has been success-
fully developed. In the presence of CuCl, various terminal alkynes, sulfonyl azides and 2-aminobenzaldehydes were coupled.
When changing the type of substrate alkyne, controlled synthesis of dihydroquinoline and sulfonyl amidine compounds were
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achieved.
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1 Introduction

1,2-Dihydroquinolines (1,2-DHQs), a class of well-
known nitrogen-containing heterocyclic compounds, are
widely used as important pharmacophores in many drug
molecules.!! These compounds have widely range of bio-
logical properties, such as antibacterial,’?! antimalarial,®!
esophageal squamous cell cancer, anti-tumor agents,!
effective plant growth stimulant,’® and antioxidants.[”l At
the same time, 1,2-DHQs have widely used in the prepara-
tion of various functional materials, which can also serve as
effective antioxidants,'® sensors and dyes.”? Up to now,
significant progress has been made in the synthesis of
1,2-quinolines."” Early in 1880, Skraup'!! reported the
classical reaction to construct quinoline scaffolds. Wang
and co-workers!'?l reported a conjugate addition-aldol-
dehydration reaction of a,f-unsaturated aldehydes with
2-N-protected amino benzaldehydes to afford synthetically
useful 1,2-dihydroquinolines in high enantioselectivities. In
2020, Lambert et al.l'*! reported the synthesis of 1,2-dihy-
droquinolines by the hydrazine-catalyzed ring- closing
carbonyl-olefinmetathesis of N-prenylated 2-amino- ben-
zaldehydes. Recently, Hwu et al.l'¥ disclosed domino re-

actions of arynes reacting with Schiff bases, alkynes to
generate 1,2-dihydroquinolines. However, these methods
often are plagued by using excessive strong acid, alkali,
expensive metal catalysts or tedious procedures.

Much work!'* showed that the copper-triazole interme-
diate is formed in the cycloaddition reaction of terminal
alkynes and sulfonyl azides catalyzed by copper(I), which is
so fragile and easy to produce N-ketimine. In this case,
ketimine is an intermediate similar to the accumulated
diene, which has high activity in the reaction and can be
captured by other nucleophiles, such as water,!'* alcohol!”!
and amine.["® It can undergo cycloaddition reaction with
many olefin structures to prepare many new compounds.

In 2008, Wang and co-workers!'”! reported the effective
synthesis of 2-imino-1,2-dihydroquinoline and 2-imino-
thiochromone through copper-catalyzed domino reaction
(Scheme 1a), starting from 2-acetyl aniline. However, no
report on the use of 2-aminobenzaldehyde was reported.
Herein, we established that terminal alkynes, sulfonyl az-
ides and 2-aminobenzaldehyde can be used to generate
imino-1,2-dihydroquinoline via a three-component cou-
pling reaction catalyzed by monovalent copper, which is
one of the powerful and practical strategy for the construc-
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tion of 1,2-dihydroquinoline (Scheme 1b).
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Scheme 1 Three-component synthesis of 2-imino-1,2-dihydro-
quinolines

2 Results and discussion

Inspired by Wang’s study, we initially attempted the re-
action of p-toluenesulfonyl azide, phenylacetylene and
2-aminobenzaldehyde in the presence of EtsN (1.2 equiv.)
in CH,Cl, under air at room temperature using a series of Cu
catalysts, as presented in Table 1. To our delight, we iso-
lated the desired product in 85% yield after 12 h (Entry 3).
The other bases, such as K,COs, Cs>COs, pyridine, N,N-
diisopropylethylamine (DIEA) and 1,8-diazabicyclo[5.4.0]-
undec-7-ene (DBU), were proved to be less effective than
triethylamine (TEA) (Entries 5~9). Later on, different
solvents were investigated, and CH,Cl, was yet the best one
(Entries 10~ 14). Next, controlling experiments demon-
strated that the target product was not obtained in the ab-
sence of either catalyst CuCl or base (Entries 15~ 16).
Increasing the amount of TEA had no effect on the results,
but reducing the amount of TEA would lead to lower yield
(Entries 17~18). With the reducing of the catalyst dose, the
reaction activity got lower (Entries 19~20).

With the optimal conditions in hand, the scope and
limitation of this protocol were further evaluated (Table 2).
The scope of 2-aminobenzaldehydes was investigated first-
ly. Functional groups at different positions on the phenyl,
such as methyl (4a, 4d, 4f), fluoro (4b), chloro (4c),
methoxy (4e), and 3-amino-2-naphthaldehyde (4g), were
well tolerated in the reaction. Moreover, various sulfonyl
azides involved in the reaction were studied. Both alkyl-
and aryl-substituted sulfonyl azides could furnish to the
corresponding products (4h~4t) in good yields. It was
worth noting that the electronic properties and the position
of the substituents on the phenyl group did not have much
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Table 1 Reaction condition optimization®

0
O\\S/N?:
OLr - (% - D=
+ o + —
NH,
1a 2a 3a
CuCl (10 mol%) O A
TEA (1.2 equiv.) N N.

DCM (2 mL), rt.,, 12 h

Entry” Catalyst Base Solvent  Yield”/%

1 Cul TEA DCM 73

2  CuBr TEA DCM 78

3  CuCl TEA DCM 85
4 CuCl*2H20 TEA DCM N.P.c
5 CuCl K2COs DCM 27
6 CuCl Cs2C03 DCM 23

7 CuCl Pyridine DCM 19

8 CuCl DIEA DCM 34
9 CuCl DBU DCM trace
10 CuCl TEA CH3CN 73
11 CuCl TEA DMF 49
12 CuCl TEA THF 33
13 CuCl TEA 1,4-Dioxane 47
14 CuCl TEA DCE 66
15 CuCl — DCM N.P.c
16 — TEA DCM N.P.c
17 CuCl TEA (2 equiv.) DCM 85
18 CuCl TEA (0.5 equiv.) DCM 45
19 CuCl(5mol%) TEA DCM 55
20 CuCl (1 mol%) TEA DCM 23

© 2021 Chinese Chemical Society & SIOC, CAS

4 Reaction conditions: 1a (0.6 mmol), 2a (0.5 mmol), 3a (0.6 mmol), [Cu] (10
mol%), solvent (2 mL), r.t., 12 h, under air atmosphere.  Isolated yield. ¢
N.P.=No product.

effect on the reaction. Strong electron-withdrawing groups
(such as nitro, trifluoromethyl) also showed good reactivity.

In addition, naphthalenesulfonyl azide (2q) could also
give the desired product 4q in 85% yield. Alkyl sulfonyl
azides (2r ~2t) could also be tolerated. Unfortunately,
employing benzylsulfonyl azide did not provide the desired
product under standard reaction conditions. A single crystal
of compound 40 (CCDC: 2057810, Figure 1) was also ob-
tained. From the crystal structure it can be clearly confirmed
that the product is a dihydroquinoline structure.

The substrate scope of terminal alkynes was also studied
(Table 3). A series of aromatic alkynes with electron do-
nating groups and electron withdrawing groups on the ar-
omatic ring, gave moderate to good yields (4u~4ab). Then,
the influence of the position of the substituents on the arene
ring was explored, when the substituent was in the meta-
position of aryl group (4ab), the yield of the target product
is higher than it was in the para-position (4x). o-Substituent
aromatic alkynes were not applicable the reaction. Alterna-
tively, ferrocene acetylene (3y) was also a suitable sub-
strate, providing the target product 4y in a yield of 47%.

http://sioc-journal.cn/ 2811
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Table 2  Substrate scope of amino-aldehydes and azides
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N N\S//
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4r 63%

Cl
//
o

4p 82%

4s 86%

4t 82%

Finally, the aliphatic alkynes, such as cyclopropylacety-
lene (5a), 1-hexyne (5b), 3,3-dimethyl-1-butyne (5¢) and
3-methylbutynol (5d) and so on, were evaluated. To our
surprise, the reaction produced new structure N-sulfonyl
amidine in good yields rather than 1,2-dihydroquinoline
under the optimal conditions (Table 4). This might due to
the poor reactivity of their intermediate N-sulfonyl amidine.

On the basis of the above results and the previous re-
ports,['618.201 3 plausible mechanism for this tandem reaction
to construct imino-1,2-dihydroquinoline or N-sulfonyl am-
idine is illustrated in Scheme 2. Under the catalysis of alkali
and copper reagents, sulfonyl azide (2) reacts with alkyne
(3) forming intermediate C that transforms into intermedi-
ate D through rearrangement, and intermediate ketenimine

2812 http://sioc-journal.cn/
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G is obtained from D by the release of N, through two ways.
Then, 2-aminobenzaldehyde, as a nucleophile, reacts with
ketenimine G leading to intermediate H. When R? is a
phenyl, the intermediate H undergoes intramolecular 1,5-H
migration and cyclization dehydration leading to product 4.
When R? is an alkyl, the intermediate H undergoes intra-
molecular 1,3-H migration leading to product 5.

3 Conclusions

In conclusion, a novel copper-catalyzed three-component
coupling has been developed. A variety of terminal alkynes,
sulfonyl azides and 2-aminobenzaldehydes were compati-
ble under the catalytic conditions. This reaction provided

Chin. J. Org. Chem. 2021, 41, 2810~2819
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Figure 1 X-ray crystal structure of compound 40

Table 3 Scope of aromatic alkynes

Q O\\S/N3
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CuCl (10 mol%) NSy 0
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DCM (2 mL), r.t., 12 h

/
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I
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N N
0 (0]
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ST AP
4y 47% 4z 80%

4ab 76%

4aa 86%

rapid access to imino-1,2-dihydroquinoline derivatives in
high yields. More importantly, the reaction can be con-
trolled to prepare different products including dihydro-
quinoline and N-sulfonyl amidine highly selectively.
Moreover, the protocol features a simple experimental
procedure, mild reaction conditions and broad functional
group compatibility.

4 Experimental section

4.1 General experimental information

All experiments were carried out under air atmosphere.
Substituted 2-aminobenzaldehydes were prepared.?!! The
other chemicals were purchased and used without further

Chin. J. Org. Chem. 2021, 41, 2810~2819
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purification, unless otherwise noted. Melting points were
measured on XT-4 digital micro melting point apparatus
and are uncorrected. Proton nuclear magnetic resonance (‘H
NMR) spectra were recorded on a Bruker AV-400 MHz or a
JEOL JNM-ECZ500R/S1. NMR samples were dissolved in
CDCl; and chemical shifts are reported in ppm referenced to
residual nondeuterated solvent. Carbon nuclear magnetic
resonance (*C NMR)/fluorine nuclear magnetic resonance
("F NMR) spectra were recorded on the same Bruker in-
strument (101 (126) MHz/376 (471) MHz). HRMS were
obtained on a Exactive Plus LC-MS (ESI) mass spectrom-
eters.

http://sioc-journal.cn/ 2813
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Table 4 Scope of aliphatic alkynes
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H
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Scheme 2 Proposed mechanistic routes

4.2 General procedure for the synthesis of imino-
1,2-dihydroquinoline or N-sulfonyl amidine

To a 25 mL round-bottom flask were added sulfonyl
azide (0.5 mmol), alkyne (0.6 mmol) and 2-aminobenzal-
dehyde (0.6 mmol), CuCl (10 mol%), TEA (1.2 equiv.) and
2814
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DCM (2 mL). Then the mixture was stirred at the room
temperature for 12 h in air. The resulting mixture was
filtered with celite, the solvent in the acquired solution
was removed under reduced pressure. The residue was
subjected to flash silica gel column chromatography to

Chin. J. Org. Chem. 2021, 41, 2810~2819
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provide pure products with the elution of mixed petro-
leum ether/ethyl acetate (V' 2 V=5 I 1).
4.3 Spectral data of the products
N-(6-Fluoro-3-phenylquinolin-2(1H)-ylidene)-4-methyl-
benzenesulfonamide (4a): White solid, 151 mg, 78% yield.
m.p. 180~181 ‘C; "HNMR (500 MHz, CDCl;) d: 12.23 (s,
1H), 7.83 (d, J/=8.0 Hz, 2H), 7.81 (s, 1H), 7.51 (d, J=5.6
Hz, 2H), 7.41 (d, J=7.3 Hz, 2H), 7.35 (d, J=7.2 Hz, 3H),
7.29 (d, J=8.9 Hz, 1H), 7.23 (d, J=7.9 Hz, 2H), 2.44 (s,
3H), 2.37 (s, 3H); *C NMR (126 MHz, CDCls) &: 152.46,
142.42, 140.45, 139.54, 135.78, 134.64, 133.64, 132.98,
132.93, 129.55, 129.29, 128.31, 127.97, 127.69, 126.02,
121.39, 116.29, 21.51, 21.07. HRMS (ESI) caled for
C3HaN>0,S [M+H] "2 389.1318; found 389.1318.
N-(6-Fluoro-3-phenylquinolin-2(1H)-ylidene)-4-methyl-
benzenesulfonamide (4b): White solid, 163 mg, 90% yield.
m.p. 168~169 C; '"H NMR (500 MHz, CDCI3) 6: 12.29 (s,
1H), 7.89~7.76 (m, 3H), 7.54~7.48 (m, 2H), 7.42~7.35
(m, 4H), 7.31 (dd, J/=8.3, 2.6 Hz, 2H), 7.27~7.22 (m, 2H),
2.39 (s, 3H); 3C NMR (126 MHz, CDCl;) §: 160.15,
158.19, 152.46, 142.6,140.16, 138.66, 13531, 134.50,
132.18, 129.54, 129.37, 128.70, 128.08, 126.10, 119.83 (d,
J=24.9 Hz), 118.28, 112.90 (d, J=22.4 Hz), 21.58; "°F
NMR (471 MHz, Chloroform-d) 6: —116.05. HRMS (ESI)
caled for CyH7FN20»S [M + H] " : 393.1068; found
393.1067.
N-(6-Chloro-3-phenylquinolin-2(1H)-ylidene)-4-methyl-
benzenesulfonamide (4¢): White solid, 162 mg, 80% yield.
m.p. 186~187 ‘C; '"H NMR (500 MHz, CDCl3) 6: 12.25 (s,
1H), 7.81 (d, J=7.9 Hz, 2H), 7.77 (s, 1H), 7.60 (s, 1H),
7.54~7.48 (m, 3H), 7.41~7.30 (m, 4H), 7.24 (d, J=7.9
Hz, 2H), 2.38 (s, 3H); *C NMR (126 MHz, CDCl5) &:
152.53, 142.79, 140.04, 138.26, 135.27, 134.55, 134.07,
131.56, 130.03, 129.54, 129.41, 128.74, 128.11, 127.26,
126.15, 122.26, 117.93, 21.60. HRMS (ESI) calcd for
C2,H 5CIN,0,S [M~+H]': 409.0772; found 409.0772.
N-(6-Fluoro-3-phenylquinolin-2(1H)-ylidene)-4-methyl-
benzenesulfonamide (4d): White solid, 144 mg, 74% yield.
m.p. 205~206 ‘C; "H NMR (500 MHz, CDCl3) 6: 12.24 (s,
1H), 7.83 (d, J/=7.9 Hz, 3H), 7.51 (d, J=7.7 Hz, 3H), 7.35
(d,J=6.9 Hz, 3H), 7.25~7.19 (m, 3H), 7.17 (d, J=8.1 Hz,
1H), 2.50 (s, 3H), 2.37 (s, 3H); '3C NMR (126 MHz,
CDCls) 0: 152.74, 142.59, 142.46, 140.48, 139.69, 135.86,
135.76, 132.04, 129.58, 129.34, 128.27, 128.00, 126.45,
126.08, 119.37, 116.36, 77.42, 77.16, 76.91, 22.00, 21.56.
HRMS (ESI) caled for CosHxN,0,S [M+H]": 389.1318;
found 389.1318.
N-(7-Methoxy-3-phenylquinolin-2(1H)-ylidene)-4-me-
thylbenzenesulfonamide (4e): White solid, 153 mg, 76%
yield. m.p. 197~198 ‘C; 'H NMR (500 MHz, CDCl5) 4:
12.29 (s, 1H), 7.83 (d, J=7.9 Hz, 2H), 7.81 (s, 1H), 7.51
(dd, J=8.6, 4.4 Hz, 3H), 7.38~7.30 (m, 3H), 7.23 (d, J=
7.9 Hz, 2H), 6.93 (d, J/=8.8 Hz, 1H), 6.82 (s, 1H), 3.90 (s,
3H), 2.37 (s, 3H); *C NMR (126 MHz, CDCls) &: 162.52,
152.83, 142.43, 140.54, 139.79, 137.45, 135.93, 129.93,
129.54, 129.33, 128.09, 127.98, 126.03, 115.78, 115.12,
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98.44, 55.98, 21.55. HRMS (ESI) calcd for Cy3H21N>O3S
[M-+H]": 405.1267; found 405.1267.
4-Methyl-N-(8-methyl-3-phenylquinolin-2(1H)-ylidene)-
benzenesulfonamide (4f): White solid, 103 mg, 53% yield.
m.p. 156~157 °C; "H NMR (500 MHz, CDCl5) 6: 12.52 (s,
1H), 7.92~7.83 (m, 3H), 7.55 (dd, J=7.7, 1.9 Hz, 2H),
749 (d, J=7.9 Hz, 1H), 7.44 (d, J/=7.4 Hz, 1H), 7.37 (d,
J=6.9 Hz, 3H), 7.24 (d, J=8.3 Hz, 3H), 2.61 (s, 3H), 2.38
(s, 3H); 3C NMR (126 MHz, CDCl3) §: 152.48, 142.28,
140.17, 139.95, 135.39, 134.28, 132.37, 132.03, 129.29,
129.10, 128.12, 127.78, 125.97, 125.79, 124.16, 123.88,
120.97, 21.29, 16.17. HRMS (ESI) caled for C23H21N>0,S
[M-+H]": 389.1318; found 389.1318.
4-Methyl-N-(3-phenylbenzo[g]quinolin-2(1H)-ylidene)-
benzenesulfonamide (4g): Yellow solid, 132 mg, 62%
yield. m.p. 219~220 ‘C; 'H NMR (500 MHz, CDCl5) ¢:
12.06 (s, 1H), 8.14 (s, 1H), 7.97 (s, 1H), 7.92 (dd, J=16.1,
8.3 Hz, 2H), 7.88~7.84 (m, 2H), 7.78 (s, 1H), 7.58 (ddd,
J=283, 6.8, 1.3 Hz, 1H), 7.56~7.53 (m, 2H), 7.49 (ddd,
J=8.1, 6.8, 1.2 Hz, 1H), 7.39 (d, /=2.1 Hz, 1H), 7.38 (d,
J=1.9 Hz, 2H), 7.26 (d, J=8.1 Hz, 2H), 2.39 (s, 3H); 1°C
NMR (126 MHz, CDCl3) d: 153.18, 142.82, 140.09, 139.34,
135.81, 134.51, 133.61, 132.74, 130.51, 129.72, 129.46,
128.54, 128.50, 128.31, 128.13, 128.08, 127.36, 126.29,
125.86, 121.06, 112.52, 21.64. HRMS (ESI) calcd for
Ca6H21N20,S [M+H] "2 425.1318; found 425.1318.
4-Methyl-N-(3-phenylquinolin-2(1H)-ylidene)benzene-
sulfonamide (4h): White solid, 159 mg, 85% yield. m.p.
147~149 °C; '"H NMR (400 MHz, CDCls) 6: 12.26 (s, 1H),
7.88 (s, 1H), 7.83 (d, J/=6.8 Hz, 2H), 7.61 (dd, J=18.2, 7.8
Hz, 2H), 7.55~7.48 (m, 2H), 7.45~7.32 (m, 5H), 7.25 (d,
J=28.8 Hz, 2H), 2.38 (s, 3H); *C NMR (101 MHz, CDCls)
0: 152.6, 142.6, 140.3, 139.7, 135.6, 133.0, 131.3, 129.5,
129.3, 128.4, 128.2, 128.0, 126.1, 124.8, 121.3, 116.4, 21.5.
HRMS (ESI) caled for C2H 9N>0,S [M+H]": 375.1162;
found 375.1157.
N-(3-Phenylquinolin-2(1H)-ylidene)benzenesulfonami-
de (4i): White solid, 144 mg, 80% yield. m.p. 183~185 C;
"H NMR (400 MHz, CDCl3) d: 12.24 (s, 1H), 7.94 (d, J=
6.8 Hz, 2H), 7.85 (s, 1H), 7.63~7.53 (m, 2H), 7.51~7.47
(m, 2H), 7.46~7.39 (m, 3H), 7.38~7.29 (m, 5H); *C
NMR (101 MHz, CDCls) 6: 152.8, 143.1, 139.8, 135.6,
135.4, 133.0, 132.0, 131.4, 129.5, 128.7, 128.4, 128.2,
128.0, 126.0, 124.8, 121.4, 116.5. HRMS (ESI) calcd for
C21H17N>0,S [M+H]": 361.1005; found 361.1001.
4-Methoxy-N-(3-phenylquinolin-2(1H)-ylidene)benze-
nesulfonamide (4j): White solid, 148 mg, 76% yield. m.p.
214~216 ‘C; '"HNMR (400 MHz, CDCls) 6: 12.24 (s, 1H),
7.95~7.84 (m, 3H), 7.61 (dd, /=18.4, 8.0 Hz, 2H), 7.55~
7.49 (m, 2H), 7.46~7.32 (m, 5H), 6.92 (d, /=28.8 Hz, 2H),
3.83 (s, 3H); *C NMR (101 MHz, CDCls) §: 162.4, 139.4,
135.7, 131.2, 129.5, 128.4, 128.1, 124.6, 113.8, 55.5.
HRMS (ESI) caled for C2,H9N>O3S [M+H]": 391.1111;
found 391.1105.
4-Bromo-N-(3-phenylquinolin-2(1H)-ylidene)benzene-
sulfonamide (4k): White solid, 175 mg, 80% yield. m.p.
200~202 ‘C; "H NMR (400 MHz, CDCls) 6: 12.19 (s, 1H),

http://sioc-journal.cn/ 2815
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7.89 (s, 1H), 7.77 (d, J=8.0 Hz, 2H), 7.65~7.56 (m, 2H),
7.53 (d, J/=8.8 Hz, 2H), 7.51~7.46 (m, 2H), 7.43~7.31
(m, 5H); 3C NMR (101 MHz, CDCl3) 6: 152.7, 142.2,
140.1, 135.5, 135.4, 133.0, 131.9, 131.5, 128.5, 128.2,
128.1,127.7,126.6, 125.0, 121.4, 116.6. HRMS (ESI) calcd
for Co1HsBrN>0,S [M+H]": 439.0110; found 439.0109.
4-Nitro-N-(3-Pphenylquinolin-2(1H)-ylidene)benzene-
sulfonamide (41): Yellow solid, 111 mg, 55% yield. m.p.
155~157 °C; '"H NMR (400 MHz, CDCls) 6: 12.22 (s, 1H),
8.41~8.19 (m, 2H), 8.17~7.93 (m, 3H), 7.78~7.60 (m,
2H), 7.59~7.31 (m, 7H); *C NMR (101 MHz, CDCl;) é:
152.9, 149.5, 148.7, 140.5, 135.3, 131.8, 129.4, 128.7,
128.3, 128.1, 127.3, 125.3, 124.0, 121.7, 116.7. HRMS
(ESI) caled for CoiH 6N304S [M+H]": 406.0856; found
406.0852.
2-Methyl-N-(3-phenylquinolin-2(1H)-ylidene)benzene-
sulfonamide (4m): Slight yellow solid, 144 mg, 77% yield.
m.p. 171~173 °C; '"H NMR (400 MHz, CDCl3) é: 12.27 (s,
1H), 8.06 (d, J=7.6 Hz, 1H), 7.82 (s, 1H), 7.56 (dd, J=
18.8, 7.6 Hz, 2H), 7.51~7.46 (m, 2H), 7.38~7.30 (m, 6H),
7.21 (t, J=8.2 Hz, 2H), 2.56 (s, 3H); *C NMR (101 MHz,
CDCl;) 0: 152.6, 141.0, 139.6, 137.6, 135.6, 132.2, 132.0,
131.3, 129.6, 128.4, 128.2, 128.0, 127.2, 125.6, 124.7,
121.3, 116.5, 20.4. HRMS (ESI) calcd for C2H9N>O,S
[M-+H]": 375.1162; found 375.1153.
2-Fluoro-N-(3-phenylquinolin-2(1H)-ylidene)benzene-
sulfonamide (4n): White solid, 162 mg, 86% yield. m.p.
169~171 °C; '"H NMR (400 MHz, CDCl) 6: 12.47 (s, 1H),
7.95 (t, J=7.2 Hz, 1H), 7.89 (s, 1H), 7.64 (d, /=8.0 Hz,
1H), 7.57 (t, J/=7.8 Hz, 1H), 7.53~7.47 (m, 2H), 7.45-7.33
(m, 3H), 7.31~7.24 (m, 3H), 7.15 (t, J=7.6 Hz, 1H),
7.10~7.03 (m, 1H); 3C NMR (101 MHz, CDCl3) J: 159.4
(d, J=254.8 Hz), 153.2, 140.3, 135.5, 135.3, 134.1, 132.8,
131.5, 130.8 (d, J=14.1 Hz), 129.5, 129.0, 128.3 (d, J=
10.2 Hz), 128.0, 125.0, 124.1 (d, J/=3.6 Hz), 121.5, 116.8,
116.6. HRMS (ESI) caled for C,H;sFN,O,S [M+H]+Z
379.0911; found 379.0908.
N-(3-Phenylquinolin-2(1H)-ylidene)-2-(trifluoromethyl)-
benzenesulfonamide (40): White solid, 182 mg, 85% yield.
m.p. 190~192 °C; '"H NMR (400 MHz, CDCI3) é: 12.30 (s,
1H), 8.31 (d, J/=5.6 Hz, 1H), 7.91 (s, 1H), 7.74 (d, J=7.2
Hz, 1H), 7.65 (d, J=28.0 Hz, 1H), 7.62~7.52 (m, 3H),
7.51~7.45 (m, 2H), 7.41 (d, J=8.0 Hz, 1H), 7.36 (t, J=7.6
Hz, 1H), 7.33~7.26 (m, 3H); *C NMR (101 MHz, CDCI;)
0: 152.9, 141.4, 140.1, 135.5, 132.9, 132.1, 132.0, 131.5,
130.51, 129.4, 128.4, 128.2, 128.0, 127.9 (q, /=6.3 Hz),
127.1, 127.0 (q, J=33.2 Hz), 125.0, 122.9 (q, J=275.1
HZ), 121.5, 116.6. HRMS (ESI) caled for szHmF}NzOzS
[M-+H]": 429.0879; found 429.0878.
3-Chloro-N-(3-phenylquinolin-2(1H)-ylidene)benzene-
sulfonamide (4p): White solid, 157 mg, 82% yield. m.p.
162~164 °C; '"H NMR (400 MHz, CDCls) 6: 12.18 (s, 1H),
7.96~7.88 (m, 2H), 7.80 (d, J=7.6 Hz, 1H), 7.67~7.56
(m, 2H), 7.51~7.46 (m, 2H), 7.45~7.32 (m, 7H); *C
NMR (101 MHz, CDCl3) d: 152.8, 144.8, 140.1, 135.4,
134.7, 133.0, 132.0, 131.6, 130.1, 129.5, 128.5, 128.3,
128.1,126.3,125.1, 124.1, 121.5, 116.6. HRMS (ESI) calcd
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for C21H1sCIN>0,S [M+H]": 395.0616; found 395.0614.
N-(3-Phenylquinolin-2(1H)-ylidene)naphthalene-2-sul-
fonamide (4q): White solid, 174 mg, 85% yield. m.p. 190~
192 °C; 'H NMR (400 MHz, CDCls) &: 12.22 (s, 1H), 8.49
(s, 1H), 7.93 (dd, J=28.8, 0.8 Hz, 1H), 7.89~7.80 (m, 4H),
7.59~7.47 (m, 6H), 7.39 (d, /=8.0 Hz, 1H), 7.36~7.27
(m, 4H); 3C NMR (101 MHz, CDCl;) é: 152.5, 139.9,
139.8, 135.8, 135.6, 134.5, 132.9, 132.1, 131.4, 129.5,
129.2, 129.0, 128.4, 128.3, 128.2, 128.1, 127.8, 127.2,
126.6, 124.8, 122.3, 121.5, 116.8. HRMS (ESI) calcd for
CasH19N>0,S [M+H]": 411.1162; found 411.1158.
N-(3-Phenylquinolin-2(1H)-ylidene)methanesulfonami-
de (4r): White solid, 94 mg, 63% yield. m.p. 182~184 C;
"H NMR (400 MHz, CDCls) d: 11.98 (s, 1H), 7.89 (s, 1H),
7.68~7.53 (m, 4H), 7.47~7.38 (m, 3H), 7.34 (t, J=6.4
Hz, 2H), 3.05 (s, 3H); '*C NMR (101 MHz, CDCl) ¢:
152.9, 139.7, 135.7, 135.5, 132.8, 131.3, 129.5, 128.5,
128.1, 124.7, 121.2, 116.4, 42.9. HRMS (ESI) calcd for
Ci6H1sN20,S [M+H] "2 299.0849; found 299.0843.
N-(3-Phenylquinolin-2(1H)-ylidene)propane-2-sulfona-
mide (4s): White solid, 168 mg, 86% yield. m.p. 145~
146 °C; 'H NMR (500 MHz, CDCls) d: 12.01 (s, 1H), 7.86
(s, 1H), 7.62 (d, J/=7.8 Hz, 1H), 7.59 (d, J=6.4 Hz, 2H),
7.57~7.52 (m, 1H), 7.37 (dd, /=10.3, 7.1 Hz, 3H), 7.33~
7.27 (m, 2H), 3.19 (p, J/=6.8 Hz, 1H), 1.36 (d, /=6.8 Hz,
6H); '*C NMR (126 MHz, Chloroform-d) J: 153.81, 139.29,
135.80, 135.58, 132.99, 131.21, 129.50, 128.33, 128.14,
127.90, 124.47, 121.08, 116.27, 54.69, 16.50. HRMS (ESI)
caled for CigsHioN20.S [M + H] *: 327.1162; found
327.1158.
N-(3-Phenylquinolin-2(1H)-ylidene)cyclopropanesulfon
amide (4t): White solid, 133 mg, 82% yield. m.p. 161~
162 °C; 'H NMR (500 MHz, CDCls) &: 12.00 (s, 1H), 7.87
(s, 1H), 7.62 (d, J="17.5 Hz, 3H), 7.55 (t, J/=7.5 Hz, 1H),
7.39 (d, J=17.7 Hz, 3H), 7.31 (t, J=8.5 Hz, 2H), 2.60 (s,
1H), 1.17 (s, 2H), 0.93 (d, J/=8.0 Hz, 2H); '3C NMR (126
MHz, Chloroform-d) 4: 152.98, 139.52, 135.74, 135.52,
132.87, 131.26, 129.49, 128.38, 128.16, 127.98, 124.55,
121.16, 116.30, 32.34, 5.29. HRMS (ESI) caled for
CisH17N>0,S [M+H]": 325.1005; found 325.1002.
4-Methyl-N-(3-(p-tolyl)quinolin-2(1 H)-ylidene)benze-
nesulfonamide (4u): White solid, 157 mg, 81% yield. m.p.
220~222 ‘C; '"H NMR (400 MHz, CDCls) 6: 12.26 (s, 1H),
7.90~7.79 (m, 3H), 7.59 (dd, J/=19.4, 7.8 Hz, 2H), 7.46~
7.30 (m, 4H), 7.24 (d, J=8.4 Hz, 2H), 7.17 (d, J/=7.2 Hz,
2H), 2.38 (s, 6H); 3C NMR (101 MHz, CDCls) 6: 152.8,
142.6, 140.2, 139.2, 138.3, 135.4, 133.0, 132.7, 131.1,
129.4,129.3, 128.8, 128.1, 126.1, 124.7, 121.5, 116.4, 21.5,
21.3. HRMS (ESI) calcd for Ca3H21N>0,S [M+H]+Z
389.1318; found 389.1314.
N-(3-(4-Methoxyphenyl)quinolin-2(1H)-ylidene)-4-met-
hylbenzenesulfonamide (4v): White solid, 84 mg, 42%
yield. m.p. 181~183 ‘C; 'H NMR (400 MHz, CDCl5) ¢:
12.24 (s, 1H), 7.90~7.80 (m, 3H), 7.64~7.54 (m, 2H),
7.48 (d, J/=8.4 Hz, 2H), 7.39 (d, J=7.6 Hz, 1H), 7.33 (4,
J=17.4 Hz, 1H), 7.24 (d, /=8.0 Hz, 2H), 6.89 (d, /=8.4
Hz, 2H), 3.82 (s, 3H), 2.37 (s, 3H); *C NMR (101 MHz,
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CDCls) d: 159.8, 142.6, 138.8, 131.0, 130.8, 129.3, 128.0,
127.9, 126.1, 124.7, 113.5, 55.3, 21.5. HRMS (ESI) caled
for C23H21N203S [M+H]": 405.1267; found 405.1262.
N-(3-(4-Bromophenyl)quinolin-2(1H)-ylidene)-4-methyl-
benzenesulfonamide (4w): White solid, 160 mg, 71% yield.
m.p. 233~235 °C; '"H NMR (400 MHz, CDCl3) 6: 12.25 (s,
1H), 7.86 (s, 1H), 7.82 (d, J=8.0 Hz, 2H), 7.66~7.58 (m,
2H), 7.49 (d, J/=8.4 Hz, 2H), 7.43~7.33 (m, 4H), 7.27~
7.23 (m, 2H), 2.39 (s, 3H); '3C NMR (101 MHz, CDCl;) 6:
152.2, 142.7, 140.0, 139.5, 134.5, 131.6, 131.2, 131.1,
130.2, 129.4, 128.7, 128.2, 126.1, 124.8, 122.7, 121.2,
1166, 21.5. HRMS (ESI) calcd for C2HisBrN,O,S [M+
H]": 453.0267; found 453.0264.
N-(3-(4-Ferrocenylphenyl)naphthalen-2(1H)-ylidene)-4-
methylbenzenesulfonamide (4x): White solid, 129 mg, 66%
yield. m.p. 217~219 ‘C; 'H NMR (400 MHz, CDCl5) 4:
12.24 (s, 1H), 7.85 (s, 1H), 7.82 (d, J/="7.6 Hz, 2H), 7.66~
7.56 (m, 2H), 7.52~7.45 (m, 2H), 7.42~7.31 (m, 2H), 7.24
(d,J=7.6 Hz, 2H), 7.03 (t, /=8.0 Hz, 2H), 2.37 (s, 3H); 1*C
NMR (101 MHz, CDCI3) ¢: 162.8 (d, /=249.1 Hz), 152.5,
142.7, 140.1, 139.6, 135.5, 132.0, 131.6 (d, J=3.4 Hz),
131.5, 131.3 (d, J=8.3 Hz), 129.4, 128.2, 126.0, 124.8,
121.2, 116.5, 115.0 (d, J=21.6 Hz), 21.5. HRMS (ESI)
caled for C2oH1sFN,0,S [M] ' 392.0989; found 392.0971.
N-(3-(4-Fluorophenyl)naphthalen-2(1H)-ylidene)-4-met-
hylbenzenesulfonamide (4y): Orange solid, 113 mg, 47%
yield. 197 ‘C decompose; 'H NMR (400 MHz, CDCls) 6:
12.34 (s, 1H), 8.04~7.92 (m, 3H), 7.58 (dd, J=19.0, 7.8
Hz, 2H), 7.38 (d, /=8.0 Hz, 1H), 7.35~7.29 (m, 3H), 4.96
(s, 2H), 4.37 (s, 2H), 4.00 (s, 5H), 2.39 (s, 3H); '*C NMR
(101 MHz, CDCl3) d: 151.8, 142.8, 140.4, 135.4, 134.5,
131.4,130.3, 129.5, 127.3, 126.1, 124.6, 121.4, 116.4, 80.0,
69.8, 69.7, 68.8, 21.6. HRMS (ESI) calcd for CysHos-
FeN,0,S [M+H]": 483.0824; found 483.0818.
4-Methyl-N-(3-(thiophen-3-yl)quinolin-2(1H)-ylidene)-
benzenesulfonamide (4z): Slight yellow solid, 152 mg, 80%
yield. m.p. 187~189 ‘C; 'H NMR (400 MHz, CDCl5) 4:
12.30 (s, 1H), 8.05 (s, 1H), 7.97 (s, 1H), 7.88 (d, J=7.6 Hz,
2H), 7.63 (d, J/=8.0 Hz, 1H), 7.57 (t, J=7.8 Hz, 1H), 7.43
(d, J=4.8 Hz, 1H), 7.38~7.31 (m, 2H), 7.30~7.22 (m,
3H), 2.38 (s, 3H); *C NMR (101 MHz, CDCls) 6: 152.1,
142.7, 140.2, 137.8, 135.1, 131.2, 129.4, 128.1, 127.9,
127.1,126.2,126.1, 124.8, 121.2, 116.4, 21.5. HRMS (ESI)
caled for CaHi7N,0,S; [M + H] @ 381.0726; found
381.0722.
4-Methyl-N-(3-(4-nitrophenyl)quinolin-2(1H)-ylidene)-
benzenesulfonamide (4aa): Yellow solid, 180 mg, 86%
yield. m.p.>250 ‘C; 'H NMR (400 MHz, CDCl3) J: 12.30
(s, 1H), 8.22 (d, J=28.8 Hz, 2H), 7.96 (s, 1H), 7.81 (d, J=
8.0 Hz, 2H), 7.75~7.64 (m, 4H), 7.49~7.36 (m, 2H), 7.28
(d, J=8.4 Hz, 2H), 2.41 (s, 3H); *C NMR (101 MHz,
CDCl;) 0: 151.9, 147.5, 143.0, 142.2, 140.6, 139.7, 136.0,
132.3, 130.8, 130.5, 129.5, 128.6, 126.0, 125.1, 123.2,
120.9, 116.7, 21.6. HRMS (ESI) caled for CxHisN304S
[M-+H]": 420.1013; found 420.1010.
N-(3-(3-Fluorophenyl)quinolin-2(1H)-ylidene)-4-methyl
benzenesulfonamide (4ab): White solid, 149 mg, 76%
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yield. m.p. 184~186 ‘C; 'H NMR (400 MHz, CDCl5) ¢:
12.25 (s, 1H), 7.88 (s, 1H), 7.84 (d, J=7.6 Hz, 2H), 7.61
(dd, J=18.0, 8.0 Hz, 2H), 7.46~7.30 (m, 3H), 7.27~7.13
(m, 4H), 7.03 (d, J=8.0 Hz, 1H), 2.38 (s, 3H); *C NMR
(101 MHz, CDCls) o: 163.3 (d, J=245.8 Hz), 152.2, 142.7,
140.0, 137.6 (d, J/=8.4 Hz), 135.6, 131.7, 129.5 (d, J=8.0
Hz), 129.4, 128.3, 126.0, 125.2, 124.9, 121.1, 116.8, 116.6,
1153 (d, J=21.1 Hz), 21.5. HRMS (ESI) calcd for
C2oH sFN,0,S [M+H]": 393.1068; found 393.1063.
2-Cyclopropyl-N-(2-formylphenyl)-N'-tosylacetimida-
mide (5a): Colorless oil, 128 mg, 72% yield. 'H NMR (400
MHz, CDCl3) d: 11.61 (s, 1H), 9.91 (s, 1H), 8.68 (d, J/=8.4
Hz, 1H), 7.87 (d, J=7.6 Hz, 2H), 7.71 (d, J=7.6 Hz, 1H),
7.52 (t,J=28.0 Hz, 1H), 7.34~7.24 (m, 3H), 3.10 (d, J=7.2
Hz, 2H), 2.42 (s, 3H), 1.27~1.16 (m, 1H), 0.84 (d, J=7.6
Hz, 2H), 0.40 (d, J=4.8 Hz, 2H); '*C NMR (101 MHz,
CDCl) d: 195.4, 166.5, 142.7, 140.2, 139.8, 136.4, 135.9,
129.4, 1264, 124.2, 123.1, 121.5, 39.9, 21.6, 6.7, 5.6.
HRMS (ESI) caled for CioH2N>03S [M+H]": 357.1267;
found 357.1264.
N-(2-Formylphenyl)-N'-tosylhexanimidamide (5b):
Colorless oil, 140 mg, 73% yield. '"H NMR (400 MHz,
CDCls) d: 11.28 (s, 1H), 9.91 (s, 1H), 8.63 (d, /=8.4 Hz,
1H), 7.88 (d, J=7.6 Hz, 2H), 7.70 (d, J/=7.2 Hz, 1H), 7.53
(t, J=8.0 Hz, 1H), 7.34~7.23 (m, 3H), 3.05 (t, /=7.8 Hz,
2H), 2.42 (s, 3H), 1.87 (q, J=7.4 Hz, 2H), 1.49~1.36 (m,
4H), 0.92 (t, J=6.6 Hz, 3H); *C NMR (101 MHz, CDCl;)
0: 195.8, 167.0, 142.7, 140.2, 140.1, 136.4, 136.1, 129.4,
126.5,124.0,122.6,121.3,35.8,31.4,27.0,22.2,21.6, 13.9.
HRMS (ESI) caled for CaHasN>03S [M—+H]": 373.1580;
found 373.1994.
N-(2-Formylphenyl)-3,3-dimethyl-N"-tosylbutanimidami-
de (5¢): Colorless oil, 84 mg, 45% yield. 'H NMR (400
MHz, CDCl3) d: 11.08 (s, 1H), 9.90 (s, 1H), 8.66 (d, J/=8.4
Hz, 1H), 7.87 (d, J=8.0 Hz, 2H), 7.68 (d, /=6.8 Hz, 1H),
7.52 (t, J=8.0 Hz, 1H), 7.32~7.24 (m, 3H), 3.07 (s, 2H),
2.41 (s, 3H), 1.21 (s, 9H); *C NMR (101 MHz, CDCl;) 6:
195.6, 164.2, 142.5, 140.6, 140.0, 136.4, 136.1, 129.3,
126.5, 123.8, 122.5, 121.2, 47.4, 32.4, 30.5, 21.5. HRMS
(ESI) caled for CaHasN»03S [M+-H]": 373.1580; found
373.1990.
N-(2-Formylphenyl)-3-hydroxy-3-methyl-N'-tosylbuta-
nimidamide (5d): Colorless oil, 140 mg, 75% yield. 'H
NMR (400 MHz, CDCls) 0: 11.35 (s, 1H), 9.90 (s, 1H), 8.57
(d, J=7.2Hz, IH), 7.87 (d, /=8.0 Hz, 2H), 7.68 (d, J=
7.2 Hz, 1H), 7.50 (d, J=7.8 Hz, 1H), 7.31 (d, J=38.0 Hz,
2H), 7.28~7.23 (m, 1H), 3.29 (s, 3H), 2.43 (s, 2H), 1.47 (s,
6H); 3C NMR (101 MHz, CDCl;) &: 195.1, 163.6, 142.8,
140.0, 139.4, 136.2, 135.8, 129.4, 126.4, 124.2, 123.2,
121.8, 70.3, 47.8, 30.3, 21.6. HRMS (ESI) caled for
Ci1oH23N>04S [M+H]": 375.1373; found 375.1164.
N-(2-Formylphenyl)-3-phenyl-N'-tosylpropanimidamide
(5e): White solid, 114 mg, 56% yield. m.p. 133~134 C;
"H NMR (500 MHz, CDCl5) d: 11.20 (s, 1H), 9.84 (s, 1H),
8.60 (s, 1H), 7.91 (d, J/=8.3 Hz, 2H), 7.66 (dd, J=7.6, 1.7
Hz, 1H), 7.55~7.50 (m, 1H), 7.36~7.30 (m, 4H), 7.29 (d,
J=7.3 Hz, 2H), 7.28~7.22 (m, 2H), 7.20 (t, J=7.1 Hz,
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1H), 3.38~3.29 (m, 2H), 3.23 (dd, J=9.8, 6.1 Hz, 2H),
2.43 (s, 3H); 3C NMR (126 MHz, Chloroform-d) J: 195.60,
165.66, 142.83, 140.23, 140.01, 139.43, 136.30, 136.09,
129.48, 128.73, 128.64, 126.66, 126.57, 124.12, 122.63,
121.30, 38.31, 33.74, 21.60. HRMS (ESI) caled for
C23H23N>03S [M-+H]":407.1424; Found: 407.1429.
N-(2-Formylphenyl)-3-methyl-N'-tosylbut-2-enimidami-
de (5f): White solid, 79 mg, 44% yield. m.p. 157~158 C;
"H NMR (500 MHz, CDCl3) d: 11.14 (s, 1H), 9.89 (s, 1H),
8.95~8.75 (m, 1H), 7.82 (d, J/=7.8 Hz, 2H), 7.70 (d, J=
9.4 Hz, 1H), 7.61 (t, J=8.0 Hz, 1H), 7.34~7.22 (m, 4H),
6.35 (s, 1H), 2.41 (s, 3H), 1.88 (s, 3H), 1.66 (s, 3H); 3C
NMR (126 MHz, Chloroform-d) d: 195.58, 162.05, 145.83,
142.64, 139.98, 139.86, 136.44, 136.34, 129.20, 127.09,
124.25,122.80,121.73,119.72,26.05,21.61, 20.70. HRMS
(ESI) caled for CioH2iN205S [M—+H]": 355.1267; found
355.1270.
N-(2-Formylphenyl)-2-(1-hydroxycyclohexyl)-N'-tosy-
lacetimidamide (5g): White solid, 119 mg, 58% yield. m.p.
126~127 °C; '"HNMR (500 MHz, CDCls) 6: 11.30 (s, 1H),
9.87 (s, 1H), 8.52 (d, J/=8.5 Hz, 1H), 7.84 (d, /=28.0 Hz,
2H), 7.65 (d, J/=6.1 Hz, 1H), 7.50~7.44 (m, 1H), 7.28 (d,
J=8.0 Hz, 2H), 7.22 (t, J=7.5 Hz, 1H), 3.29 (s, 1H), 3.22
(s, 2H), 2.40 (s, 3H), 1.82~1.72 (m, 2H), 1.64 (d, J=9.1
Hz, 4H), 1.56 (s, 3H), 1.34~1.23 (m, 1H); '3C NMR (126
MHz, Chloroform-d) J: 195.13, 163.65, 142.84, 140.10,
139.42, 136.20, 135.80, 129.64, 129.43, 126.47, 124.19,
123.30, 121.86, 77.41, 77.16, 76.91, 71.29, 47.69, 38.08,
25.37, 21.92, 21.56. HRMS (ESI) calcd for CyyH27N>04S
[M-+H]": 415.1686; found 415.1690.
5-Chloro-N-(2-formylphenyl)-N'-tosylpentanimidamide
(5h): Colorless oil, 89 mg, 46% yield. '"H NMR (500 MHz,
CDCl3) 0: 11.30 (s, 1H), 9.91 (s, 1H), 8.60 (d, /=28.5 Hz,
1H), 7.87 (d, J=8.3 Hz, 2H), 7.70 (dd, J/="7.6, 1.7 Hz, 1H),
7.53 (ddd, J=8.8, 7.4, 1.7 Hz, 1H), 7.30 (d, J="7.7 Hz, 2H),
7.26 (td, J=17.5, 1.0 Hz, 2H), 3.60 (t, J/=6.5 Hz, 2H), 3.10
(t,J=17.7Hz, 2H),2.42 (s, 3H), 2.11~2.01 (m, 2H), 1.99~
1.92 (m, 2H); ®C NMR (126 MHz, Chloroform-d) &:
195.96, 166.11, 142.92, 140.17, 136.45, 136.25, 129.52,
126.58, 124.19, 122.72, 121.41, 44.26, 35.14, 32.01, 24.79,
21.64. HRMS (ESI) calcd for C19H22C1N203S [M+H]+Z
393.1034; found 393.1029.
2-(Cyclohex-1-en-1-yl)-N-(2-formylphenyl)-N'-tosylace
-timidamide (5i): White solid, 136 mg, 69% yield. m.p.
101~102 °C; '"HNMR (500 MHz, CDCl3) 6: 11.17 (s, 1H),
9.86 (s, 1H), 8.71 (d, J/=8.5 Hz, 1H), 7.87 (d, J=28.2 Hz,
2H), 7.66 (d, J=7.6 Hz, 1H), 7.50 (t, J/=7.1 Hz, 1H), 7.29
(d, /=8.0 Hz, 2H), 7.24 (t, J/=7.4 Hz, 1H), 5.86 (s, 1H),
3.76 (s, 2H), 2.41 (s, 3H), 2.20 (s, 2H), 1.95 (s, 2H), 1.66~
1.60 (m, 4H); 3C NMR (126 MHz, Chloroform-d) J:
194.92, 165.81, 142.70, 140.31, 139.77, 136.26, 135.82,
131.32, 130.01, 129.40, 126.59, 124.07, 123.21, 121.62,
43.75,28.31,25.61,22.48,21.69,21.58. HRMS (ESI) caled
for C2,HasN,03S [M~+H]":397.1580; found 397.1579.

Supporting Information Crystal data of 40 and NMR
spectra of 4a~5i are available free of charge via the In-
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