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Abstract. The C—C bond formation via C—S bond activation
(disclosed in 2000) has received increasing attentions.
However, stoichiometric amount of exogenous thiophilic
reagents are generally required as thiolate scavengers.
Herein, a new model for the synthesis of 4-aminoquinolines,
Cu(ll)-catalyzed aerobic oxidative desulfitative 6x
cyclization of the readily available N-aryl-imino ketene N,S-
acetals is described. The reaction can proceed efficiently

under mild reaction conditions without any exogenous
thiolate scavengers (due to the formation of disulfide as the
by-product) to afford diverse 4-aminoquinolines, a
privileged structure motif displaying antimalarial activity,
with a wide range of functional groups at C2—C8 positions.

Keywords: 6 cyclization; disulfide as by-product; 4-
aminoquinolines; heterocycles; imino ketene N,S-acetals

Introduction

In the rapidly growing area of transition-metal-
catalyzed C—C cross-coupling reactions, the C-S
bond activation for C—C bond formation,*! especially
as represented by the Liebeskind—Srogl C—C cross-
coupling (L—S reaction) and its variants, has received
increasing attention and applied in many fields owing
to the expansion of both nucleophilic and
electrophilic sulfur-containing partners.'s! The L-S
reaction was disclosed in 2000 aimed at the synthesis
of ketones from Pd-catalyzed, Cu(l)-mediated C-C
cross-coupling of electrophilic thiol esters with
nucleophilic boronic acids under anaerobic, neutral
reaction conditions (Scheme 1a).? In this early
version, at least a stoichiometric amount of Cu(l) salt,
as thiophilic soft Lewis acid, should be used to play
both roles as the co-catalyst to activate C—S bond and
the scavenger to trap the in-situ generated thiolate. 226l
Later on, Cu(l) catalytic systems were studied in
details, for example, through modification of thiol
ester substrates to achieve efficient catalytic turnover
in a thiophilic environment (Scheme 1b and 1c).[?¢]
Nowadays, although more and  more
organometallics as nucleophiles and thioorganic
compounds as electrophiles have become promising
sources for L—S type reactions®®® and Cu(ll) salt has
proven an efficient catalyst under aerobic
conditions,d the reaction still faces the challenge
using a stoichiometric amount of Cu(l) salt and
boronic acid (Scheme 1a),?*5 boronic acids (Scheme

a Thiolate Scavenged by Cu(l)

[Pdy(dap)3l/TFP (cat.)
o CuTC (stoichiometric)
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JIq . CuSR?  (OH),BTC

+RBOH), — » RI"OR

1
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product stoichiometric byproducts

b Thiolate Trapped by R3B(OH),

o {;; RCO,Cu (Cat.) JOL R3-S§ ; NHR2
2, R3 —_—
R}S NHR® +R°B(OH), pwmF, At R R o

o product  stoichiometric byproduct

c Thiolate Trapped by the formation of benzo[d]isothiazole

o\>_ , _ CuMesal (Cat.) jL ,
i—M
& S NG e +R®B(OH): bue Argon, 150 °C
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@fl o

product stmchlometrlc byproduct

OMe
d Thiolate Trapped by aryne

SEt

T™S
R’ F’d(OAc) Jdppf
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07 "NHR? 80°C, 18 h
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R2 CuCl, (10 mol%)
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R— \ / M 6 \/ | AN R1 EtS=SEt
.
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EtS NHAr(R®) air, 816 h N7 "R
R = Me, OEt; R = H, Me, Ph, MeO, F, Cl, Br, I, CF; etc. at C2-C8 positions
readily available substrates; cheap lyst; llent fu I-group tolerance; gram-
scale synthesis; r ively mild r ion conditi no external thiolate scavenger

Scheme 1. Desulfitative C—C cross-coupling and related
reactions.
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1b)?>4l or esters,B! the special N-O reactant
(Scheme 1c),® or arynes (as nucleophilic partners,
Scheme 1d)™! as thiolate scavenger. In our recent
research, the L—S type reaction with ketene S,S-
acetals!? as the thioorganic components* was
succeeded. However, a stoichiometric amount of
thiolate scavenger, such as, an arylboronic acid®“ or
an aryne (Scheme 1d),*"! was still necessary.

Over the last two decades, transition-metal-
catalyzed C-H bond activation for C—C bond
formation® has rapidly grown into an active area of
research for their atom- and step-economical
features.[® Herein, we describe a new reaction model,
Cu(lIl)-catalyzed aerobic oxidative desulfitative
6n cyclization for the construction of 4-
aminoquinolines. This reaction can proceed under
aerobic conditions to provide an alternative to dual
C—H/C-S activation for C—C bond formation process
without the requirement of expensive organometallic
reagents as thiolate scavengers (Scheme 1e). Based
on this new reaction, a simple and practical approach
to diverse 4-aminoguinolines, a privileged structure
motif displaying antimalarial activity,’% with a wide
range of functional groups at C2—C8 positions, which
would otherwise be difficult to synthesize,X*1! is
presented.

Results and Discussion

As our continuing research on the C-S bond
activation for C—C bond formation reaction, the
intramolecular version of the C—S activation for C—C
bond forming reaction was carried out at first using
N-aryl-imino ketene N,S-acetals 2 as the starting
materials. For the preparation of 2, catalyzed by
BF;-Et,0 (30 mol%),1*?l the model reaction (Table 1)
of the readily available ketene S,S-acetal 1a bearing
an acetyl and an ethoxyl carbonyl group, respectively,
at the terminal carbon!’ was reacted with aniline (3
equiv) in toluene by adding aniline (toluene solution)
in 3 portions to the mixture of la and BFs3-Et;O
within 1 h. As the result, ketene N,S-acetal 2a, as an
E/Z mixture,’®d was obtained in 76% vyield by
treating the reaction at 80 °C for 5 h. However, lower
yield of 2d (47%) was afforded from the reaction of
la with 4-methoxyaniline under identical reaction
conditions, due to, probably, the reduced
nucleophilicity of 4-methoxyaniline by the formation
of complex between 4-methoxy moiety of 4-
methoxyaniline and BFs-Et;O. Hopefully, when a
super-acid catalyst, triflic acid (TfOH), was selected
to enhance the electrophilicity of dicarbonyl substrate
1a through protonation with carbonyl oxygen,*®l both
2a and 2d were obtained in high yields. Thus,
catalyzed by TfOH, a series of N-aryl-imino ketene
N,S-acetals 2a—2w were prepared from the pseudo
three-component reaction of selected aryl amines
with ketene S,S-acetals 1a and 1b, respectively (Table
1).

The above reaction (Table 1) showed that aniline
and aryl amines bearing either an electron-donating
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or withdrawing substitute on ortho-, meta- or para-
position of the phenyl ring are efficient nucleophiles
to give the desired N-aryl-imino ketene N,S-acetals 2
generally in good to high yields. Hopefully, 21 and 2t
can also be prepared in fair yields using 4-
(trifluoromethyl)aniline, bearing a strong electron-
withdrawing trifluoromethyl group, as the aryl amine
component. Clearly, the pseudo three-component
reaction provides a new and efficient access to o-
imino ketene N,S-acetals in a single operation under
mild reaction conditions starting from readily
available starting materials.[”? In addition, the gram-
scale synthesis of 2a under identical conditions was
proven successful (7.86 g, 30 mmol of 1a to give 7.40
g of 2a, 67% yield).

Table 1. Preparation of N-aryl-imino ketene N,S-acetals.

o o

CF3S05H NAr Nar O
R+ anH (30 mol%) R R
2 - . +
(3 equiv) ‘ ‘
EtS SEt toluene (1 mL) Ets NHAr ArHN SEt
1 (0.5 mmol) 80°C, t
(E)-2 (2)-2

[V < Wl o
ﬁ“ﬁtﬁ*ﬁi

PhHN™ "SEt p-Me-CgHyHN m-Me-CgH4HN™ "SEt  p-MeO-CgH,HN
2a:3.2h, 73% (E/Z = 1:4) 2b: 2 h, 83% (E/Z = 1:3) 2¢:2h, 77% (E/Z = 1:4) 2d: 1.5 h, 77% (E/Z = 2:7)

Lo Hin <Wie < IR <}
2 Sl scliile sullife oy

p-F-CoH4HN™ SEt P-Br-CeHgHN "SEt  p-I-CgH4HN™ "SEt
2e: 1.5 h, 86% (E/Z =1:5) 2f: 1.5 h, 75% (E/Z = 1:3) 2g: 2.5 h, 74% (E/Z = 1:5) 2h: 2 h, 66% (E/Z = 1:5)

o, O
ﬁ*ﬁ*ﬁ*ﬁi

m-MeO-CgH4HN™ “SEt  p.Ph-CgH,HNY “SEt  0-Me-CgH,HN™ “SEt  p-F3C-CgHsHN

Me

2i:2h, 75% (E/Z = 1:4) 2j:5h, 70% (E/Z=2:9) 2k:12h, 46% (E/Z =1:1)*] 2I:5h, 34% (E/Z = 1:6)

S
ﬁ* 2 ol ol

PhHN™ "SEt p-Me-CgH4HN™ “SEt p-MeO-CgHsHN™ "SEt  pF-CgH,HN™ SEt
2m: 6.3 h,67% (E/Z = 1:3) 2n: 2.5 h, 66% (E/Z = 2:5) 20: 2 h, 76% (E/Z = 1:3) 2p: 2.5 h,67% (E/Z = 1:3)

RSV < WIS ¢ WA o Vi
o ol oliibe aaie o

p-Cl-CeHsHN™ “SEt p-Br-CeHsHN™ “SEt p-Ph-CgH4HN SEt  p-F3C-CgHsHN
2q: 2 h, 66% (E/Z = 1:3) 2r: 2.5 h, 68% (E/Z =2:7) 2s: 4 h, 62% (E/Z = 2:7) 2t: 9.5 h, 41% (E/Z = 1:4))

’ ’ A
s Et; s NHNaphthyI -1 SEt

m-Cl-CgHaHN
2v: 4 h, 61% (E/Z = 2:7)¢ 2w: 1 h, 60% (E/Z = 1:6)

NHNaphthyl-1
2u: 15 h, 59% (E/Z = 2:5)

(] 60% of TfOH was used.

a-Oxo ketene N,S-acetals, which easily isomerizes
between (Z)- and (E)-configurations in both polar and
non-polar media under various conditions via an
imine intermediate,[’®d are versatile building blocks
in organic synthesis.’>¢) This isomerization is
important for cyclization reactions due to the “equal
contribution”, for example the (Z)- and (E)-isomers
of ketene N,S-acetals 2 with dense reactive sites.[’
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Table 2. Optimization of Reaction Conditions for Synthesis of 4-Anilinoquinolines. [

10.1002/adsc.201700410

N PhHN 1)
= Et
o conditions A
—_—
/% l

OEt
Ets’” NHPh N
2a 3a
Entry Catalyst [mol%] Ligand[mol%]  Base [equiv] Solvent Temp [°C] t[h] 3a [%]
1 Cu(OAC); (30%) - - DMF 130 55 30
2 Cu(OAc); (30%) - K2COj3 (2.0) DMF 130 2.3 49
3 - - K2COj3 (2.0) DMF 130 10 9
4 CuCl2 (10%) Phen (10%) K2COs3(2.0)  toluene 80 12 83
5 CuCl, (10%) Phen (10%) K,COs3(2.0)  toluene 60 12 67
6 CuBr; (10%) Phen (10%) K,COs3(2.0)  toluene 80 21 82
7 Cu20 (10%) Phen (10%) K.COs3 (2.0) toluene 80 28 86
8 Cul (10%) Phen (10%) K.COs3 (2.0) toluene 80 14 83
9 CuCl (10%) Phen (10%) K2COs3 (2.0) toluene 60 7 82
10 AgOAC (10%) Phen (10%) K2COs (2.0) toluene 80 30 trace
11 ZnCl; (10%) Phen (10%) K2COs (2.0) toluene 80 30 trace
12 CuCl; (10%) Phen (10%) K.COs3 (2.0) DCE 80 16 78
13 CuCl, (10%) Phen (10%) K.CO3(20)  THF 80 30 65
14 CuCl, (10%) Phen (10%) K,COs3(2.0)  dioxane 80 23 57
15 CuCl, (10%) Phen (10%) K2COj3 (2.0) CHCl; 80 30 54
16 CuCl, (10%) Phen (10%) K2COj3 (2.0) EtOH 80 30 20
170 CuCl, (10%) Phen (10%) K,COs3 (2.0)  toluene 80 12 17

& General reaction conditions: 2a (0.5 mmol), solvent 1 mL under aerobic conditions, and isolated yields of 3a.

I The reaction was conducted under nitrogen atmosphere.

Table 3. Preparation of 4-Aminoquinolines 3a—3w

NAr O CuCl, (10 mol%) NH O
Phen (10 mol%) 5 3
‘ R K,COs (2 equiv) XY R
- - . e
ArHN™ “SEt toluene, 80 °C, air 7N
2 (0.5 mmol)

J@! .,
L, . \Q o .
N om /Cfi* N[ os
~ N/ /
N

I

3a(12h 83%) 3b (12 h, 94%) 3c + 3c' (13 h, 86%, 3c:3c' = 3:1) 3d(12h,89/)
o Q. oW Q. o<
OMe (o]
W@fﬁ (Xﬁ Cff @ﬁf b
)
N
f (8 h, 66%) 3g (16 h, 81%) (12 h, 72%) 3i+3i' (15 h, 80%, 3h:3h' = 6:5)

el @
NH O

@f ey

%G

3k (13 h, 89%) 31 (12h, 75/0)[ (10 h, 71%) 3n (12 h, 90%) (12 h, 95%) 3p (10 h, 75%)!
OEt
RSN < Wie s W s DU &
@ﬁﬁ aeeolk pesole (OO LU0
(11 h, 79%) 3s (16 h, 80%) t (16 h, 70%)! u (13 h, 99%) 3v (12 h, 98%)

(16 h, 92%)
(12 h, 72%)

w (11 h, 63%)!

lal Reacted at 100 °C.
[l Reacted at 110 °C.
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With ready access to N,S-acetals 2 established, the
desulfitative cyclization of 2a (without separation of
the E- and Z-isomers) as a model to form the 4-
aminoquinoline  compound, ethyl 2-methyl-4-
(phenylamino)quinoline-3-carboxylate 3a (Table 2),
was then examined. Under similar reaction conditions
as our previous aerobic, Cu-catalyzed desulfitative
C-C bond-forming reaction,d catalyzed by
Cu(OAc), (mol 30%) in DMF at 130 °C in the open
air for 5.5 h, 3a was obtained in 30% vyield (Table 2,
entry 1). Pleasingly, the yield of 3a reached up to
50% by adding K>COs (2 equiv) to the above reaction
system (Table 2, entry 2). Whereas, in the absence of
Cu(OAcC)z, the yield of 3a decreased to less than 10%
(Table 2, entry 3), indicating the role of both Cu(ll)
catalyst and a base for the formation of 3.

Further optimization of reaction conditions showed
that, catalyzed by anhydrous CuCl, (10 mol%), the
reaction of 2a proceeded efficiently in toluene in the
presence of 1,10-phenanthroline (Phen, 10 mol%)
and K,COs3 (2 equiv) in open air at 80 °C for 12 h
(Table 2, entry 4). In this case, 3a was obtained in
83% yield. Whereas, lower yield of 3a was formed by
reducing the reaction temperature to 60 °C (Table 2,
entry 5). Under similar reaction conditions as in
Table 2, entry 4, CuBr,, Cu20O (Table 2, entry 7), Cul
(Table 2, entry 8), and CuCl (Table 2, entry 9) were
efficient catalysts, respectively (Table 2, entries 6-9).
As a comparison, AgOAc and ZnCl, were inefficient
catalysts (Table 2, entries 10 and 11); the solvents,
such as 1,2-dichloroethane (DCE), THF, dioxane, and
chloroform (Table 2, entries 12-15) gave lower
yields of 3a.

It was found that, running the reaction of 2a under
the identical conditions as in Table 2, entry 4 but in a
nitrogen atmosphere, 3a was given in low yield
(Table 2, entry 17). This result indicates that the
existence of molecular oxygen plays a crucial role for
desulfitative cyclization of 2 to give 3. Thus, under
the optimal conditions (Table 2, entry 4), a series of
4-anilinoquinolines 3 were prepared (Table 3).

The experimental results (Table 3) showed that, all
the N-aryl-imino ketene N,S-acetals 2a—2w (Table 1)
as substrates, including 2l and 2t bearing a strong
electron-withdrawing trifluoromethyl group,i** can
give the desired 4-anilinoquinolines 3a—3w**!in high
to excellent yields, though the nucleophilicity of the
4-(trifluoromethyl)aniline is reduced. In addition, the
desulfitative cyclization of 2 proceeds
chemoselectively, leaving ester (3a-1), acetyl (3m-t),
and, aryl halides, especially, the aryl bromide (3g and
3r) and aryl iodide (3h) functionalities intact. These
reactive functional groups can be utilized for further
modifications through Suzuki coupling and other
reactions. Furthermore, the gram-scale synthesis of
3a under identical conditions was proven successful
(7.40 g, 20.10 mmol of 2a to give 5.02 g of 3a, 81%
yield).

o-Imino ketene N,S-acetals have rarely been
studied.l'? It was found that, catalyzed either by
BF3-Et,002 or TfOH (Table 1), the reaction of a-oxo
ketene N,S-acetal 4al with aniline afforded a

10.1002/adsc.201700410

complex mixture instead of the desired 2a (Scheme
2a). In the case of the reaction of 4bl"®! with aniline,
the sequential deacylation/amination product 5 was
produced (Scheme 2b). These results tell that N-aryl-
imino ketene N,S-acetals 2a—2w should be formed
via N-imino ketene S,S-acetals 6 as intermediate
(Scheme 2c¢).

O O CF3SO30H Ph.
on PPN (30 moi%) N Ot
” | o (2 equiv) toluen}j“ ) /%E&o (@)
t
80°C,8h  Ets*™NHPh
(0.5 mmol)
4a 2a
O O CF3SO3H
+ PhNH, (30 mol%)
i (0]
| (2 equiv) toluene (1 mL) | (b)
BtS™ 'NHPh 80°C, 8h PhHN" “SEt
(0.5 mmol) (52% yield)
4b 5
Al
o R r\lN R AN R
ArNH, |
/Uj\(go ArNH, /jgo - )fo (c)
—_— Htution
EiS SEt imination EtS SEt substitution Ets NHPh
1 6 2

Scheme 2. Proposed mechanism for formation of imino
ketene N,S-acetals 2a—2w.

Catalyzed either by BFs;-Et;O or TfOH (Table 1),
the attempted isolation of 6a from the reaction of la
with aniline was failed. Alternatively, 4-
anilinoquinoline 3x, bearing an aryl group at C2, was
prepared in excellent yield with N-aryl-imino ketene
N,S-acetal 2x as substrate (Scheme 3a). In this case,
2x was synthesized by the reaction of PB-enamino
ester 7181 with isothiocyanatobenzene. Similarly, 2y
and 2z were prepared and 4-anilinoquinoline 3y and
3z, bearing a (p-methoxyphenyl)amino and benzyl
amino group at C4, respectively, were also obtained.

Phoy  og  CuCh (10 mol%) NHPhR
Ph. NaH (2.2 equiv) | Phen (10 mol%)
NH OEt PhNCS (1.2 equiv) pp i o _K2C0s(2equiv) X OEt (a)
- . -
S S P
PhMo EtBr (1.2 equiv) Ets NHPh toluene, 100 °C N Ph

DMF, rt,3h air, 22h

7 (0.5 mmol)

L %
NH O HN" o
C'M Cffkoa

N 3y (87% yield) N7 3z (25% yield)

2x ( 90% yield) 3x (92% yield)

CuCly (10 mol%)
NaH (22 equiv) PP~y gt Phen (10 mol%) SEL O
Pho\H OBt ©CS:(12 equiv) | K,CO3 (2 equiv) N 0Bt (b)
M EtBr(2.2 equiv) Ph (o) _
P NNy —————— ‘ toluene, 100°C N Ph
DMF, r.t,2h SEt air, 22 h
7 (0.5 mmol) 6 (54% yield) 8

4 0
EtS/kN
H
(0.5 mmol)
9

Scheme 3. Preparation of ketene N,S-acetals 2x—2z,

K2CO3 (2 equiv)
—

CuCl, (10 mol%)
Phen (10 mol%)

toluene(1 mL)
80°C,12h
(69% yield)

aminoquinolines 3x—3z, and carbodiimide 10.
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The successful synthesis of 4-aminoquinolines
3x—3z starting from B-enamino ester 7 provides an
alternative route to 4-aminoquinolines and an
experimental evidence to support the formation of
2a—2w via N-imino ketene S,S-acetal intermediate 6
(Scheme 2c). Furthermore, N-imino ketene S,S-acetal
6x was prepared and subjected to the reaction
conditions for the synthesis of 4-aminoguinolines 3
(Scheme 3b). In this case, however, 4-ethylthio
quinoline 8 could not be obtained and 6x was
recovered in 83% yield. These results show that the
N,S-acetal moiety is crucial for the desulfitative
cyclization reaction. Indeed, carbodiimide 10 was
obtained from the Cu(ll)-catalyzed elimination of
EtSH of carbamimidothioate 9 (Scheme 3c).

In addition, running the reaction of 9 under the
identical conditions as in Table 2, entry 4 but in a
nitrogen atmosphere gave low yields of 10 (10%),
indicating that the existence of molecular oxygen in
air plays a crucial role for elimination of EtSH from 9
to afford 10. Based on above results (Table 2, 3 and
Scheme 3) and related reports, 317181 3 mechanism for
the formation of 4-anilinoquinolines 3 was proposed
(Scheme 4, with 3a as an example).

Ph
Ph. OH N OEt

N o N
/I&o - )%Zkoa
! H N7 SEt SEt
h
ph (E)-2a Ph A

(E)-2a + (2)-2a

CuCly + L (L =Phen) — LCuCl, | K,CO;4
K cr Ph\.’?‘ Q
0,+ClI” Lcu'cl <7— LCu'(SEY), KCI + KHCO, Qcﬁoa

EtSSEt R
3—\2: y
aromallzatlon
ol

B
N/ 3a

Scheme 4. Proposed mechanism for formation of 4-
aminogquinolines 3.

According to the nature of the reversible
isomerization of ketene N,S-acetals,’>d and
elimination of EtSH from 9 (Scheme 3c), a base-
promoted elimination of EtSH from imino ketene
N,S-acetal 2a would occur along with the generation
of ketenimine intermediate B and LCu(SEt), (L =
Phen). Ketenimine (B) undergoes 61
electrocyclization®®” followed by aromatization to
give the  thermodynamically  favored 4-
anilinoquinolines 3. At the same time, serving as a
crucial step forward, the eliminated EtSH is to be
oxidized by Cu(ll) to form the disulfide,*® (EtS),, as
the by-product along with formation of a Cu(l)
species. In the presence of molecular oxygen as the
oxidant, catalytic system LCu"Cl;is to be regenerated
for the next cycle through oxidation of Cu(l) species
(Scheme 4). This mechanism can also be used to
explain the efficiency of Cu(l) salts as the catalysts
(Table 2, entries 8 and 9).

10.1002/adsc.201700410

Conclusion

In conclusion, an extremely simple and efficient
pathway to construct substituted 4-anilinoquinolines
via Cu(ll)-catalyzed desulfitative
6r electrocyclization with disulfide as the by product
was developed. In this unprecedented reaction,
various imino ketene N,S-acetals, as starting materials,
can be prepared, generally, in good to high yields by
either the acid-catalyzed three-component reaction of
arylamines with acetyl ketene S,S-acetals or by the
reaction of B-enamino esters with isothiocyanates
under mild reaction conditions. The Cu(ll)-catalyzed
desulfitative cyclization of N-aryl-imino ketene N,S-
acetals can tolerate a wide range of reactive
functional groups and incorporate various functional
groups at C2—C8 positions of 4-anilinoquinolines as
products. Further works focused on expansion of this
new strategy are in progress.

Experimental Section

General procedure for the synthesis of 2 (taking 2a as an
example). To the solution of  ethyl 2-
[bls(ethylth|o)methylene] -3-oxobutanoate (131 mg, 0.50
mmol) and aniline §140 mg, 1.50 mmol) in toluene (2.0
mL) was added trifluoromethanesulfonic acid (13.3 pL,
0.15 mmol), and stirred at 80 °C. After the reaction was
finished as indicated by TLC (reaction time, 3.2 h),the
resulting mixture was allowed to cool to room temperature
and slowly poured into saturated aqueous NaCl (20 mL),
and extracted with dichloromethane 520 mL x 3). The
combined organic phase was dried over anhydrous
Na2SOsand concentrated in vacuo. The crude product was
purified by column chromatography on silica gel
(PE/EtOAc = 60:1) to afford 2a E2134 mg, 73% yield) as
yellowish solid.

3E)-Ethyl 2-(ethylthio(phen Iamlno)methylene) -3-
|<7Jhenyl|m|no)butanoate(2a) [E/ 1/ﬂ K/Ield 134 mg
3%? yellowish solid; mp 45-46 °C; ! R (500 MHz,
; Z-2a): 8 = 1085(s 1H), 7.27- 721(m 4H), 7.13
Hz, 1H 701 t,J=75Hz 1H),6.89 (d, J=7.5
Hz 2H2) 6.81 5 Hz, 2H), 4.23-4.15 (m, 2H),
3.13-3 0 ( m2)193 s3H)1 8 (t =175 Hz, 3H
1.31 (t J = 7.5 Hz, 3H). 'H NMR (500 MHz, CDCl5
23? = 11.12 (s, 1H), 7.37-7.34 (M, 4H), 7.26— 72
), 7.15-7.09 (m, 3H), 6.93 (d, J = 7.5 Hz, 2H), 4.26 (q,
J = 7.5 Hz, 2H), 2.75 ( J—75Hz 2H)218$3H
134 (t,J= 75Hz 3H) 18 (t, J = 7.5 Hz, 3H).
125 MHz, CDCI3 = 167.7, 165.5, 157.8, 150.9, 1384
29.2, 129.0, 1289 1284 125.9, 125.6, 125.4, 1252,
123.9, 1232, 120.1, 119.3, 96.0, 59.7, 59.6, 27.0, 25.3.
17.9, 17.2, 14.4(2), 13.9. HR-MS (ESI): m/z = 369.1635,
calcd. for Co1H2sN20,S (M+H)*: 369.1631.

(3E)-Ethyl  2- (ethylthlo(p -tol Iammo)methylene) -3-(p-
tol I|m|no?butanoate 2b) % ield: 164 mg
8 /0? yellowish solid; mp 63-64 °C MR (500 MHz
(Z-2b): 8 = 10.77 (s, 1H 708(d J=8.0 Hz, 2H),
7.03 ( J 80Hz 2H), 6.82 (d, 'J=8.0Hz, 2H), 669|Sd
J -80 Hz, 2H), 4.22°4.15 (m, 2H), 3.12— 2.98"(m, 2
230 S, 3H) 2.29 (s, 3H), 1.9 As 3H 1.37 (t, J = 75Hz
31( t,J= 75 Hz, BHI (500 Hz, CDCI3)
gEZbg 3= 1102(s 1H) 7.18- 715(m 4H) 7.02-7.00 (m
H), 6.84-6.81 (m, 2H), 4.25 (q, J = 7.0 Hz, 2H), 2.74 (g,
J—75 Hz, 2H), 235(3 3H), 2.34 (s, 3H), 214 s, 3 L
1.34 (d, J =7.0 Hz, 3H), 118(tJ 5H23H NM
125 MHz, CDCl3): 6 = '168.2, 167.8, 166.9, 1 51 158.9,
58.1, 148.2, 1480 135.8, 135.7, 1355, 133.4, 132.4,
129.7, 129.5,129.0, 125.5, 125.2,119.9, 119.2, 96.7, 95.5,
59.6, 59.5, 59.4, 26.9, 25.2, 21.0, 20.9, 20.8(2), 17.8, 171,
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14.5, 14.4(2), 13.9. HR-MS (ESI): m/z = 397.1951, calcd.
for CstngzOzS (M'I'H)Jr 397.1944.

(3E)-Ethyl 2-(ethylthio(m-tol Iammo)met lene)-3-(m-
tol ?lmlno)butanoate(ZCg é |elc¥ g
yellow viscous liquid; *H NM (500 MHz, CDCI_S
ZZc 5= 10.82 (s, 1H), 7.15-7.10 (m, 2H), 6.95 (d, J =
.0 Hz, 1H), 6.81 (d J =75 Hz, 1H; 6.72-6.70 Em 2H),
6.64 (s, 1H), 6.58 (d, J = 7.5 Hz, 1H), 4.40-4.05 (m, 2H),

2.99-3.12 (m, 2H), 22853 ,2.27'(s, 3H), 1.96 (s, 3H),
137(\/|.]—75Hz 3H% 32 (t J = 7.5 Hz, 3H). 'H NM
500 MHz, CDCl3) (E-2¢): 8 = 11.09 (s, 1H}, 7.25-7.21 (m,
= Z, — m,
H), 7.02'(d, J = 7.5 H H65691( 3H), 6.72—
6.70 (m, 2H), 4.28-4.12 (m, 2H), 2.74 (q, J = 7.5 Hz, 2H),
2.35 s3H)234(s 3H)219 s, 3H), 135(tJ 755 Hz,
3H), 118 (t, J = 7.5 Hz, 3 NMR (125 MHz,

CDCI3) 8= 168.0, 1676 166.6, 165.1, 15 .5, 157.8,
150.9, 150.5, 139.0, 138.8, 138.6, 138.3, 137.8, 128.8,
128.7, 128.1, 1265, 126.3, 1259, 125.7, 124.6, 1238,
122.3, 122.0, 120.7, 119.8, 116.7, 116.2, 97.0, 95.9, 59.5,
50.4,26.9, 252, 21.4,21.3, 21.2, 21.1, 17.8, 17.1, 14.4(2),
14.3, 13.8. HR-MS (ESI) m/z = 335.1766, caicd. for
Ca1H2sN20, (M-SEt)*: 335.1754.

(3E)-Ethyl 2- (ethylth|o(|4 methoxyphenylamino)
methylene) -3- (4 methoxyphen |m|no)butanoate(2d
E/z=2:7]: yield: 165 m 770/3v yellow viscous liquid;

MR (400 MHz, CDCls) (Z-2d): & = 10.68 (s, 1H), 694—

2.97-3.13 (M, 2H), 1.82 (s, 3H), 1.37
1.30 (t J = 7.2 Hz, 3H). 'H NMR (400 MHz, CDCl5) (E-
2d): &= 10.92 (s, 1H), 7.06 (d, J = 8.8 Hz, 2H), 6.94-6.72
m, 6H ), 3.80 (5, 3H), 3.79 (s, 3H), 2.75 (q, J = 7.5 Hz, 2H),
s, 3H), 1.36— 134é  3H), 119 'S 75 HE 3H),
13(: MR (125 MHz, CDCl3)" § = 1 82 167.9, 165.
159.4, 1586 157.9, 157.7, 156.3, 155.7, 152.7, 144.0,
143.8 1399 1312, 127.3, 127.0 121.3 120.6 1163,
114.7, 1143, 1142, 114.1, '113.7, 95.1, 59.5, 59.4, 55.6,

t, J=7.2Hz, 3H

6.72 (m, 8H), 4.30-4.13 (m, 2H), 3.77 zs, 3H), 3.76 (s, 3H),

55.4,55.3, 26.9, 25.2, 17.6, 17.0, 14.4, 13.9. HR-MS (ESI):
m/z = 429.1832, calcd. for C23H29N204S (M+H)*: 429.1843.

(3E)-Ethyl 2-(ethylthio(4- fluorophenylammo)
meth Iene) -3-(4-fluorop en I|m|no)butanoate
gE/Z l 5 yield: 167 m 3 ye lowish SO|I 83—
NMR 500M Cls) (Z-2e): -10 6 (s,
1H), 6.99— 692(m 4H 690 6.88 m 2H), 6.78-6.75 (m,
2H), 4.20 q,J=75 Z, 2H), 3.13- 2.99 (m, 2H), 185(
3H), 1.37 (t, J = 7.5 Hz, 3H), 130( .J:75Hz 3H).
NMR (500 MHz, CDCIa) (E-2
7.09 (m, 2H), 7.07-7.03 (m, 4H
( J=7.5Hz, 2H), 2.76 ( (i
34 S\AJ 7.5 Hz, 3H), 1 9%
(125 MHz, CDCIa) 8= 167.8, 167.5, 16
—2446 Hz), 160.7 (d, J =244.9 Hz), 160.
158.1, 157.9, 1467Sd J =28 Hz), 146 4S,J
134.3'(d, J = 2.8 Hz 1342(d,J—2.8 Hz
8.4 Hz), 127.2 (d,J=8.4Hz),121.2(d,J =
(d, J=7.9 Hz), 115.8 (d, J £22.1 Hz), 115
Hz), 95. 6(2 59.5, 26.9, 25.2, 17.5, 16.
13.7. S (ESI; 4 5.1428,
C21H23F2N2025 (M+H

43(2) 142
miz = calcd.” for

405.1443.

(3E)-Ethyl 2-((4-chlorophenylamino)(ethylthio)
methylene) -3-(4- chlorophenyllm|no)butanoate(Zf
[E/Z =1:3]: yield: 164 mg ( 5%); white solid; mp 9
H NMR (500 MHz, CDC

32225 10.84 (s, 1H), 7.24
d, J = 8.5 Hz, 2H), 7.20 5 Hz, 2H 686dJ—
5 Hz, 2H), 6.73 (d, J = 8.5 Hz, 2H. 419 (q 0 Hz,
2H), 316-2.94 (m, 2H), 1.91 (s 136tJ—7OHz

3H), 1.30 (t, J = 7.0 Hz, SH% (’500 MHz, CDCId)
SEZf) 5= 1108és 1H), 7.32 (d, J 8.5 Hz, 4H), 7.05
8.5 Hz, 2H 86dJ—85H22H 425 =
Hz, 2H), 275(q J= 75Hz 2H), 2.14 s 3H 1.33 (t
7.5 Hz, 3H), 1.18 (t, J = 7.5 Hz, 3H). 13 (125 Hz
CDCls): 8= 167.9, 167.7, 167.4, 1662 1579 157.3,
149.3,°148.8, 136.8, 136.7, 131.4, 131.2, 129.2, 129.1,
129.0, 128.4,128.3, 126.5, 126.3, 121.3, 120.7, 97.7, 96.2,
59.8,59.7, 27.0, 25.3, 17.7, 17.0, 143, 14.2,13.7. HR-MS

—97 °C;

10.1002/adsc.201700410

gESI?J8m/Z =437.0841, calcd. for Co1H23CIN202S (M+H)™:

(3E)-Ethyl 2-((4- bromophenglamlno)(eth Ithio)
methylene) -3- (4 bromophen I|m|no) utanoate(2 )
LE/Z 1: ﬂ yield: 194 m /[) ellowish SO|I 78—
0 °C; NMR (500 M C 3) Z- 239) 10 3}(5
1H)740(d J—85Hz 8.0 H
6.81 (d, J = 8.0 Hz, 2H)667(dJ 5Hz 2H), 418(q,
J=17.0 Hz, 2H), 3.12- —-3.00 (m, 2H), 1.91 (s, 3H 136 t
= 7.5 Hz, 3H) 130 t, J = 7.5 Hz, 3H).
MHz, CDCI3) =11.07 E()s 1H 748 745 (m 4H)
6.99 (d J=28. Hz 2H) 6.82-6.79 (m 2H), 4.25 (
7.0 Hz, 2H)274§ =7.5Hz, 2H)21433H 133§t
J=7.0Hz 3H (JtJ-?SHzSH 3CNMRl
MHz, CDCI3 = 167.5, 166.3, 157.9, 157.3, 149.8, 1493
137.3, 1323 1322, 132.1, 1315, 126.8, 126.7, 121.8,
121.2, 119.1, 117.0, 116.2, 96.4, 59.9, 59.8, 27.1, 25.4,
17.8,17.1, 14.4,14.3,13.8. HR-MS EESI) m/z = 524.9831,
alcd for Clengl’zN202S (M+H) *: 524.9842.

SBE) Ethyl 2-(ethylthio(4-iodophenylamino)methylene)-
4-iodophenylimino)butanoate(2h) [E/Z=1: 5] Klleld

Tﬁ’ 66‘VI% yellowmh SO|Id mp 90-91 °C;
500 H Cls) (Z-2h 1084(5 1H 759(

5 Hz, 2H), 753( J—85Hz 2H), 6.69 (d, J = 85Hz
2H), 6.55 (d, J = 8.5 Hz, 2H), 4.21-4.14 (m, 2H), 3.10—
2.98 (m, 2H), 192 s, 3H 1.36 (t, J = 7.5 Hz, 3H), 1.30 (t,
J =7.0 Hz, 3H). (500 MHz, CDCl3) (E-2h): & =
11.08 (s, 1H), 7.67— 764(m 4H), 6.87 (d, J = 8.5 Hz, 2H),
6.69 (d, J = 85Hz 2H), 4.31- 422 m 2H , 2.77-2.69 (m,
2H), 2.15 3H)135 131m3 '(t, J=7.0 Hz,
3H). 3C NMR 5125 MHz, CDCI3 1678 1674 166.1,
157.7, 157.0, 150.4, 138.2, 13 0 137.9, 137.4, 137.3,
126.9, 126.7, 122.2,121.5,'119.9, 96.4, 89.8, 86.9, 59.8,
27.1,254,17.8,17.1, 14.4, 14.3,13.8. HR-MS (ESI): m/z
84263??8?1385 calcd.  for ' CaiHaaloN,NaO2S (M+Na) *

(3E)-Ethyl 2- (ethylth|0(|3 methoxyphenylamino)
meth Iene) -3- (3 methoxyphenylimino)butanoate(2i)
[E/Z 1 4] d: 161 m ()75% yeIIOW|sh viscous liquid;
H NMR 00 MHz, CDCls) (Z- d=10.84 (s, 1H),
7.18-7.11 (m, 2H), 6.73— 663(m 1 ) 6.57 (d, J = 8.8 Hz,
1H), 6.52 (d, J = 8.0 Hz, 1H), 6.47 (5, 1H), 6.40-6.37 (m,
2H), 420 (q, J =7.2 Hz, 2H 374§s 3H) 3.73 s 3H
3.13-3.00 (M, 2H), 1.98 (s, 3H) 6tJ-72

1.32 (t, J =7.2 Hz, 3H).'H NMR (400 MHz CDCI

2i): 8= 11.09 (s, 1Ha| 7.30-7.24 (m 2H 677 66
4H3, 6.57-6.52 (m, 1 8) 6.48 SS 1H), q,J=7.2 Hz

22053H)13%ét (qJ_UHZ ).

19 (t, J=72Hz
3H 1CNMRS MHZ CDCl): 6 1679 167.5, 166.9,
1655, 160.1, 159.9, 159.7, 158.3, 157.6, 152.1, 151.6,
139.4, 129.7, 1296, 1295, 129.0, 1175, 117.2, 112.4,
1116, 111.3, 111.1, 110.9, 110.6, 109.0, 108.8, 105.6,
105.2, 97.2, 96.1, 59.6, 59.5, 55.2, 55.1, 55.0, 54.9, 26.9,
25.2,17.8, 17.1, 143(2 14.0, 13.8. HR-MS ESI): m/z =

429.1837, calcd. for CasHaoN,04S (M+H) *: 429.1843.

(3E)-Ethyl henyl -4- ylam|no)§ethylth|o)
meth Iene) -3- (b|phenyl- - |m|no)butan0ate(

EE/Z 29 yield: 182 m O%E) ellowish solid; m 467
NMR (500 I3) (Z- |_{) 5= 10.

1H), 7.62-7.57 (m, 3H), 751 d, J = 8.0 Hz, 4H) 747

J = 8.5 Hz, 2H), 7.41-7.37 (m 4H), 7.31- 726|_(

6.96 (d, J = 8.5 Hz, 2H)691dJ-85H22 4317
4.20 (m, 2H), 3.27-2.95"(m, 2H), 2.02 (s, 3H). 1.4
7.5 Hz, 3H). 1.34 (t, J = 7.0 Hz, 3H). 1H NM 500 Hz

CDCls) (E 21) 6 =11.21 (s, 1H), 7.65-7.54 (m, 4H) 7.43"
7.37 (m, 4H), 7.34 (d, J = 7.5 Hz, 1H), 7.31-7.26 (m, 5H),
7.20-7.18 (m, 2H) 03 (d, J = 8.0 Hz, 2H), 4.37-4.14 m,
2H)278( 5Hz 2H ,2.26 (s, 3H)137§dJ
Hz, 3H), = 75 Hz, 3H). 3C NMR (125 MHz
CDCls): &= Y 81 167.7, 167.0, 165.6, 158.3, 157.6.
150.1, 149.6, 140.8, 139.9, 138.6, 138.3, 137. 552% 1368,
135.0, 128.8, 128.7, 128.6, 127.7(2), 127.5, 127.3. 127.1.
126.8 126. 7(28 1266, 125.4, 12 1 1205, 119.8, 975,
96.2, 59.7, 59.6, 27.1, 25.4, 17.9, 17.3, 14.5, 14.4(2), 13.9.
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HR-MS (ESI): m/z = 521.2245, calcd. for CasHasN.0,S  NMR (500 MHz, CDCL& (Z-20): & = 13.18 (s, 1H), 6.91—
(M+H)*: 521.2257. 6.79 (m, 8H), 3.71 (s, 3H), o 312 73,02 (m 2H),
2.20 (s, 3H), 1.92 (s, 3H), 13 —75 Hz,

(3E)-Ethyl  2-(ethylthio(o-tolylamino)methylene NMRéSOO Hz, C C|3 E-20): 5 = 13.28 (3 1H), 7 5(d'
oS J=85 Hz, 2H). 6.91- 679m6H)374 3.73
o} éméﬂo\),f’s‘é&r;oﬁé%(,2k) EZLi): vield: 91 mo | 2465 2 3H), 2.76-2.60 (m 2H) 23 28 3H), 2.12 (&, 3|—?) 117 %t

J =75 Hz, 3H). 3C (125 MHz CDCly): & = 192.6,
Z'ﬁ? %761%1643(5_ é'g)HZZEJ Og ég‘ 4H 7% leoolﬂ“ 192.4. 168.4, 1659 1602 160.1, 157.6, 157.5, 156.0.

)
155.6, 142.9, 1424, 130.0, 126,5 126.3, 121.5. 120.0,
fsz%,ﬁl) 13 (. 2'3')_%126H§0§H§m ZHS tZJZ5 5, BH). %3,9 113.9. 113.8, 1134, 107.8, 106.3, 54.8(2), 54. 7&& 275,

s 3
: 27.2, 27,0, 24.8, 17.2, 165, 13.9, i35 % mlz
7580707 (m emHé 9E—D%I§) 5 22||—(| A 26 ( s (S gt} ='399:1737, caled. for CoHrN;058 (Mi+H)*™: o017
2H). 274 (g, 3 =72 Hz, 2HL231 (s, 3H), %30 >

(?3H)
V134G 126802 3H) 118t J =

1. 73 (3 4Ef% -3-(Ethylthio(4- fluorophenylamlno)methylene) -4-
3Hg e NMR (125 MHz, CDCly): 6 = 1681 167.8, 166.9, uorophenylimino)pentan-2- one(ZpC? [E/Z=1:3]: yleld:
7, 159. 0(2) 149.1, 148.2, 137.0, 136.9, 134.5, 134.0, 25 mg (67%); white SO|Id £ 88-90 °C; 'H NM OO
130.7, 130.5, 130.3, 129.9, 129.8, 127.4, 127.1, 126.7, MHz DCl3) (Z-2p): & = 13.15 (s, 1H), 7.10— 694|Sm .
1266 126.5, 126.4, 126.2, 126.1, 125.5, 123.8, 123.3, 79-6.74 (m, 2H), 3.1 —303(m 2H), 2.22 (s, 3
118.2, 96.1, 94.7, 59.4, 59.3, 26.7, 24.9, 17.9(2), &s 3H), 1.39 (t, J = 7.2 Hz, 3H 'H NMR 400 MHz
17 4(12 ), 17.3, 16.8, 14.4, 14.3, 14, 2(2) HR- MS ( ESZB4 m/z DCl3 §E 2p o= 326 S, %H7 17— 693 (m, 6H),

= 397.1937, calcd. for CasHzoN,05S (M+H)*: 397.19 691 088 (m, 2H3 2.76- ), 2.35 (s, 3H) 2.12
g 1'(t, % Hf 13C NMR 125 MHz,
(3E)-Ethyl 2-(ethylthio(4-(trifluoromethyl) DCls 052 116%31 35, 69.9, 168.0, 161.0 (0| =246.3

19

phenylamlno)methylene) -3-(4-(trifluoromethyl) -

phenylimino)butanoate(2l) [E/Z=1:6]: yield: 86 mg HZ; 133.7'(d, J=2 5_2

34%? yeII0W|sh viscous ' liguid; *H NMR (400 MHz, =8.8H2),1 19( J=7.5 Hz), 1206 (d, J=7 ,116.3,
Cly) (z-21): 5=11.06 (s, 1H), 7.57—7.50 (m, 4H), 7.02 116 15) 116.0, 1159, 115.8, 1155, 1153 1086 1069,

d, J = 8.4 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H), 422(01 J= 28.0 82762 5.5, 17.8, 170 143 13.8. HR-MS ESD.

3 Hz, 2H), 3.17-3.00 (m, 2H), 2.03 (s, 3H), 1.39 (¢ J= Mz = 397.1150, calcd. for CzoHzoF2N:NaOS (M+Na)”

7.2 Hz, 3H), 1. 34 1,3 = 1.2 Hiz 3H) 'H' NMR (400 MHz, ~ 397.1157.

CDCl; %5 21): §=11.30 s 1H), 7.63 (d, J = 8.4 Hz, 2H),

7.57- (m, 2H), 7.22 (d, J = 8.0 Hz, 2H), 6 94 d J = 4E)-3-((4-Chlorophenylamino)(ethylthio)meth Iene) -4-

8.0 Hz, 2H), 430—4 24 (m n H) 2.76— 274 % 4-chloro ZE)henyllmlno)pentan- -one(2q) /Z 1 3

3H), 1.39-1.33 (m, 3H) '23-1.20 (m, 3 13CN ield: 13 (66%); white solid: mp 121-122

MHz, CDCls): & =167.4, 166.6, 156.6, 1540 141.5, 1 72 MR (500 MHZ cDCls) SZ 2q): & = 1323 (s, 1H 729 «d,

qJ_326 2), 126.3 (q, J:39HZ) 12585(]]\]_41 J =8.0 Hz, 2H), 7.23 (d, 8.0 Hz, 2H), 693 '1=80

Hz), 124.2, 123.3, 122. 8, 120. 5, 120.1, 119.5 .6, 60.1, Hz, 2H), 6.72 d J =8.0 Hz, 2H) 315 m, 2H) 2.21

26.4, 25.5, 180 144 13.7. F NMR 3470 MHZ, CDCly): gs 3H) 1.95 (s, 3H), 1.39 (t J =75 HZ 3 ). 'TH' NMR

),

1

9.4 (d, J 2413Hz 1458 d, J=25
1275d 88H225 73(dJ
5 Hz)

A

5 = -63.8(2), -64.2, -64.3. HR-MS (ESI): m/z = 5271196, (500 MHz, CDCls) (E-2q): § = 13.33 (5, 1H), 736 7.33 (m,
calcd. for CasHaoFsNoNaO,S (M+Na)*: 527.1198. H), 7.08 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.0 Hz, 2H),
2.75-2.72 (m, 2H), 2.35 (s, 3H), 2.15 (s, 3H), 120 t,J=

§4E) -3- (Ethy"hlo(phenylamlno;meth lene)-4- 7.5 Hz, 3H). °C 'NMR (125 MHz, CDCly): 937,

(93571604, 1683, 1505, 1485 1985, 136.3, 1362,
phe”y"m'”o)ﬂfvr\‘,,t?ﬁSzoﬁge(rﬁmm =22l 344 MR 300 1321 1319, 1294 1292, 128.9 1288, 1267, 126,

(63%). yel
d 1218, 120.5, 108.8, 107.2, 28.1, 27.8, 27.6, 25.5, 17.9,
“. 2520(3/ | (&-2m) o 1&5’ 25 ({.“" _7732 Lfslﬂ; 17.0, 14.2, 13.7. HR-MS SES h; m/z = 429.0566, calcd. for

6.9 (d, = 7.5 Hz, 2Ha| 6.80 (M, J = 7.5 Hz, 2H), 3,212  CaoHaoClzN2NaOS (M+Na)*: 429.0566.
299 m, 2H), 22465 3’_2 198é 3Hg 1.40 (t, J="75 Hz,

H NMR (50 2m): 6 = 13.38 (s, 4E)-3-((4- Bromophenylamlno)(ethylth|o)methéllene)—4—
1H), 7.41-7.38 (m, 4H), 7.27-7. 2 (m 1H), 7. 16 7.13 (M 4-bromophenylimino)pentan-2-one(2r) 12=2:7
3H), 6.94 (d, J = 7.0 Hz, 2H), 2.76-2.72 ’\? 2.38 Ss ield: 168 m }_{8%) ellowish solid; mp 106-108 °C; !
3H), 21953H)120( J = 7.5 Hz, 3H). l53C MR(400M z, CDCL3) (Z-2r): 16 = 13.24 (s, 1H), 7.42
MHz, CDCly): 5 = 193.3,167.5, 160.0, 1499 137.8, 1 9.2, d, J = 8.8 Hz, 2H) 736 d, J =8.8 Hz, 2H), 6.86 (d, J =

129.1(2), 1287, 1265, 126.3, 125.6, 125.4, 124.3,'123.6, 8.4 Hz, 2H), 6.67 ( 4Hz 2H), 3.13-2.99 (m, 2H),
120.4, 119.1, 108.5, 107.2, 28.1, 27.8, 27.6, 255, 18.1,  2.21 (s, 3H 197& 1.38 (t, J = 7.2 Hz, 3H).
17.1, 14.3, 13.8. HR-MS (ESI): m/z = 361.1345, calcd. for  NMR (400 MHz, CDCls) éE 2r): 3 = 13.34 (s, 1H), 7.49—
CaoH22N2NaOS (M+Na)*: 361.1345. 7.46 m 4H), 7.01 (d, J = 8.4 Hz, 2H), 6.82 (d. J = 8.4 Hz,
2H), 2.74~ 271 m, 2H ,2.35 (s, 3H) 215& 3H), 1.19 (.

(4E)-3- (Ethylthlo(p tolylamlno methylen J =176 Hz, 3H MR (125 MHz, CDCy): 5 = 193.4,

5 1365, 132.1, 132.0, 131.9, 1315 126.7, 126.6, 122.0,
o8 y%' gnW'SQ 50'1'51’§‘QSBEH%77‘312 4128 4?402'\9,16 120.7, 119.6, 119.4, 117.0, 116.5, 108.6, 107.0, 27.9, 27.6.
7.06— 38 m 2H 688 6.86 (M, 2H), 6.70 (d J 80Hz 274,253, 17.7, 16.8, 141, 13.5. HR-MS (ESD: m/z =
2H), 3.13- Am 3 2.32 (s, 3H),2.29 (s 1220 65 516. 9549 calcd. for CaoH20BroN:NaOS (M+Na)*:
3H), 1.96 (s, 3 (t, J =76 Hz, 3H MR4 516.955

MHz, CDCIs (2E an =13.31 (s, 1H 720 717 (m, 4H),
7.07-7.02 (m, 87-6. 83Am 2H 2 75-2.71 (m, 2H), 4E)-3-((Biphenyl-4- ylamlno)(ethylthlo methylene)-4-
2.37-2.33 (m, 9H), 2.15 ) 1.19'(t, J = 7.6 Hz, 3H). blfhenyl )/Ilmlno)pentan -2-one(2s) [E/z= 7; Klleld
BC NMR (125 MHz, CDCl3)! 6= 193.3, 193.1, 168. n%_i yellowish solid; mp 124-125 °C;

166.9, 160.3, 147.6, 147.3, 136.3, 136.1, 135.2, 135.1, 500 MHz, C CI3 (Z-2s): 8 = i3. §s 1H)763 740m

133.7, 133.0, 129.8, 129.6(2), 129.2, 125.4, 125.3, 120.4,  8H), 7.41-7.35 (m 4H 28 (t, J = 7.5 Hz, 2H), 6.99
119.0, 108.3, 107.0, 28.0, 27.7, 27.5, 25.3, 20.9(3), 20.8, = 8.0 Hz, 2H), 6.91 (d, J =8.0 Hz 2H), 3.17-3.05 (m,
17.9,'17.0, 14.3, 13.8. HR-MS (ESI): miz = 389.1644.  2.30 (s, 3H), 2.05 (s, 3H), 1.43-1.39 (m, 3H). *H MR
calcd. for CHasNoNaOS (M+Na)*: 389.1658. 500 MHz, CDCls) (E-25): 8 = 13.50 (s, 1H), 7.63-7.45 (m,

1H), 7.41-7.35 (m, 1H), 7.33-7.25 (m, 2H), 7.17 (d, J =

S4EZ -3-(Ethylthio(4- methoxyphenylamlno)metEerne) 8.5 Hz, 2"3 7.06-7.03 (M, 2H), 2.77-7.73 (m ZHK/IR42 S

methoxyphenylimino)pentan-2-one(20 Z=1: 3 3H), 2.24 (s, 3H), 1.18 (t, J = 7.5 Hz, 3H). SCN
y|eld 151 mép(76° 0); yellozlfl)lsh solid; mp(120 521 °C; ! MHz, CDCIy): 6= 193.3,193.1, 1%8 9, 167.4, 159.6, 1492

148.9, 140.4, 1403, 139.6, 138.9, 138.7, 136.9, 136.7,

7
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136.2, 128.6(2), 128.5, 127.6, 127.4, 127. 2(]2) 126. 7%2)
126.6, 126.5, 125.4, 125.2, 120.9, 119.4, 108.7, 107.3, 2
27.5,25.4,17.9, 17.0, 14.2, 137%2) HR- MS (ESI): miz =
491.2157, caled. for CaHaiN20S M+H)*: 491.2152.

(4E)-3-(Ethylthio(4 #trlfluoromethyl)phenylamlno)

methylene)-4-(4- (trl Iuoromethyl)phe I|m|no)pentan—
2-one(2t) [E/Z=1:4]: yield: 9 410/ white SO|Id mp
109-110 ° ,1H N R 400 MHz C

S -21): & =13.39
gs,lH)759 , Hz, 2H), 753 :84Hz 2H),
.09 (d .]:84Hz ZI—R 6.85 d J—84Hz 2H) 31
3.04 m,2H),226 s, 3H), 2.06 (s, 3H), 1.41 (t, J
3H).*H NMR (400 MHz CDCl, (ZE 2t): 6= 51 s 1H)
7.70-7.65 (m, 4H), 7.27-7.25 (m, 701(dJ
2H), 2.80-2.70 (m, 2H), 2405 3H) .26 (s, 3H§,123 (d
J =17.2 Hz, 3H). B3¢ NMR (125 MHz, CDCIg) 193.9,
169.0, 1589130 141.0, 1280(dJ 32 6H8 %q,
J-44Hz) 126.0 q, J—39Hz 125.0, 120.4, 119.
108.0, 28.2, 28.0, 27.8, 25.7, 182 17.2, 14.2, 13.6. 9F
NMR (470 MHz CDCI3) 8—-639 643 -64.4. HR-MS
ESI?\l miz = 497. 1088, calcd. for szHzoFeNzNaOS
a)*: 497.1093.

(3E)-Ethyl ﬁethylthlo(naphthalen 1-
ylamino)methylene)-3- (na}:)htha en-1-
ylimino)butanoate(2u) [E/Z=2:5]: yield: 138 mg (59%?
yellowish solid; mp 7677 °C; *H NMR (500 MHz, CDCl5)
SZZu) 8= 1098§ 1H), 814 d, J =85 Hz, 1H), 7.81 (d,
= 8.5 Hz, 1H), (d 0 Hz, 1H 7 67-7.21 g'n

9H), 7.04 (d, J'= 7.0 Hz, 1H)686(d =70Hz 1
4.25-3.97 (m, 2H), 3.32-3.20 (7m 2H), 1.68 gs, 3H), 1. 49%
J =70 Hz 3H), 1.17 (t J = OHzBH) H NMR (50
MHz, CDCI3) E- -2u): 0= 11.40 (s, 1H), 8.14 (d, J =85
Hz, 1H; 8.09 (d, J = 8.5 Hz, 1H), 7.90-7.79 (m, 2H),
7.77-7 3§: 1H , 1.67— 721(m 8H) 6.94 (d, J = 7.0 Hz,

1H), 4.41 qJ—7OHz 2H), 279(q J = 7.5 Hz, 2H),
219$S 3H), 1.49 (t, J = 7.0 Hz, 3H) 117 (t, J = 7.5 Hz,
3H). 3C NMR (125 MHz, CDC| 6 =168.4, 167.9, 165.7,
160.2, 159.9, 146.9, 146. 6 134. (2) 134.1, 134. 0, 130.3,
128.2 128. 0 127. 9 127. 7 127.6, 127.2, 126.9, 126.7,

126.5, 126.2, 126.0, 125.7, 125.6 2) 125. 2 125. l 124.8,

124.2, 124. l 124. 0 123. 9 123.7, 123.3, 122.4, 122.2,

113.9, 97.0, 95.3, 59.9, 59.5, 27.0, 25.4, 17.8, 17.1, 14.5,
14.4, 14.3, 14.2. HR-MS (ESI): m/z = 491.1771, calcd. for
CagH2sN2NaO,S (M+Na)*: 491.1764.

4E)-3- (Ethylthlo(naphthalen -1-ylamino)methylene)-4-
naphthalen-1-ylimino)pentan-2-one(2v) E/Z=2:7]:
yield: 134 mg (61%); white SO|Id mp 45-46 °C; *H NM
gSOO MHz, CDCls) (Z 2v): 8= =134 (s, 1H), 8. 20 (d,J
0 Hz, 1H), 7.83(d, J=8.5Hz, 1H), 7.79 d,J-80Hz
1H), 7.71 (d, J = 8.0 Hz, 1H), 7.65 (t, J
7.49-7.39 (m, 5H) 7.36-7.33 (m, 2H), 711

H«A/\/

8.
d,J=75Hz,
1H), 6.77 (d, J = 7.5 Hz, 1H), 3.38— mzw,zalés,
3H). 1.69 (s, 3H), 1.51 (t, J = 7.5 Hz, 3H H NMR (500
MHz, CDCls (E 2V): 8 = 1377(§ 1H), 8. 6§d J=8.0 Hz,
1H,7.94—7 ( 2H), 7.87-7.82 (m, 2H), 7.67— 7.635m,
7.60-7.53 2H) 7.50-7.38 (m, 5H), 7.04 (d, J =
70Hz 1H), 2.85-2.75 (m, 2H), 2.59 s3H 2.23 (s, 3H),
R (125 MHz, CDCly): & =

1.19 (t, J =75 Hz, SHi 13C N
193.9, 167.8, 1624, 1453, 134.2, 134.0, 133.9, 129.9,
128.3, 128.1, 127.9, 127.6, 127.2, 126.9, 126.7, 126.5,
126.2, 126.0, 125.6, 125.4, 125.1, 124.5, 124.0, 1239,
1235, 122.8, 1225, 122.3, 114.5, 113.9, 106.7, 28.4, 27.6,
25.6, 17.9, 17.5, 14.3. HR-MS (ESI): m/z = 461.1657,
calcd. for CasH26N2NaOS (M+Na)*: 461.1658.

4E)-3-((3-Chlorophenylamin g(ethylthl methylene) -4-
3-chlorophenylimino)pentan-2-one(2w) [E/Z=1:6]: yield:
31 mg (60%); yellow viscous liquid; *H R (500 MHz,
CDCls) (Z-2w): 3

=10.90 (s, 1H), 7.23-7.09 (m, 3H), 6.98
d, J = 8.0 Hz, 1H), 6.94 (5, 1HJ, 6.86-6.76 (m, 2H), 6.66
d. J = 8.0 Hz, 1H), 4.35-4.08 (m, 2H), 3.20-2.92 (m 2H),
98 (s, 3H), 137 (t, J = 755 Hz,'3H),1.32 (t, I = 75 Hz,
2H). 'H NMR (500 MHz, CDCl3) (E-2w): & = 11.14 (s.
1H), 7.32-7.23 (m, 2H), 7.22-7.07 (m, 2H 7.07.(d, J =
8.0 Hz, 1H), 7.0 698(m 2H), 6.94— 69l(m1 , 4.35—
4.08 (m, 2H), 2.75 (q, J = 7.5 Hz, 2H), 2.18 (5, 3H), 138-
1.31 (m, 3H), 1.18 (t, J = 7.5 Hz, 3H). 3C' NMR (125 MHz,
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CDCls): 6= 167.9, 167.7, 167.2, 166.4, 157.5, 157.0,
152.0, 151.5, 139.4, 134.6, 134.5, 134.3, 133.8, 130. 0(2&
129.9, 129.4, 125.7, 125.6, 125.0, 124.9, 123.8, 123

122.9. 1202, 119.4,117.9, 117.5, 98.0, 96.7, 59.7, 27.0.

25.3, 17.8, 17, 0, 14. 3, 14 2 13.6. HR-MS (ESI m/z =
459, 0681 calcd fOI’ C21H22C|2N2Na025 ( +Na)*:
459.0671.

Synthesis of N-Aryl-Imino N,S-Acetals 2 under basic
conditions (taking 2a as an example). To the solution of
- ethyl 3- R/lheny -3- phenylamlnogacrylate (134 mg, 0.50
mmol) in DMF (3 mL) was added NaH (26 mg, 1.1 mmol).
Then, phenyl |soth|ocyanate (581 mg, 0.6 mmol) was added
dropW|se to the mixture and stirred for 20 min at room
temperature, followed by the addition of bromoethane (65
mg, 0.6 mmol). After the reaction was finished as indicated
by TLC (reaction time, 3.0 h), the resulting mixture was
poured into saturated aqueous NaCI 20 mL), and extracted
with diethyl ether (20 mLx 3). The combined organic
phase was dried with anhydrous Na,SOa, the solvent was
removed under reduced pressure, and the crude product
was Kurlfled by column chromatographg on silica gel
(EtOAC/PE = 1:60) to afford 2x (215 mg, 90%).

Ethyl 3-(Ethylthio)-2-(phe henylimino)methyl)-3
phenylam(mo)acrylate(Zx) [é/g) { |elc} Zlg/
90%? yellowish “viscous' liquid; 1H NMR (400 MHz
DCl3) (Z-2x): 6= 11.11 (s, 1H), 7.50-6.40 (m, 15H),
4.33-4.26 (M, 2H), 2.95-2.82 (m, 2H), 1.37-1.31 (m, 3H),
1.19-1.10 (m, 3H). 'H NMR (400 MHz, CDCls) (E-2x):
8= 1130 (s, 1H), 7.50-6.40 (m, 15Hg 4.33-4.26'(m, 2H),
2.83-2.76 (m, 2H), 1.37-1.31 (m, 3H), 1.19-1.10 (m, 3H).
3C NMR (125 MHz, CDCIf 8= 168.4, 168.3, 165.4,
163.4, 159.0, 158.4, 150.3, 149.5, 139.1, 139.0, 133.1,
132.7, 129.2, 129.1(2), 128.6, 128.5, 128.2, 127.9, 127.5,
123.8, 123.5(2), 123.0, 122.9, 122.7, 120.9, 118.8, 9.5,
97.7, 60.0, 59.9, 26.9, 25.2, 14.2(2), 13.8, 13.7. HR-MS
%?I%Ygr%/z = 431.1787, calcd. for CasHzrN,02S (M+H)*:

4-(4- Chlorophenyllmlno; -3-(ethylthio(4-methoxy

phenylamino)methylene)pentan-2-one(2y) [E/Z 1: 3
ield: 147 mg (73%); yellowish soI|d mp 86-87 °C;
MR (500 MHz, CDCIgg gz 2y): & = 13.23 (s, 1H), 7.28 (d

J = 85 Hz, 2H), 6.94— , 2H), 6.83-6.76 (m, 4H),

377s3H)314 3.03 (m, 2H 2.2 (s 3H)19553H

139tJ-70Hz 3H). 'H NMR (500 MHz, CD 3

(9= 133251H%9 35 (d, J = 8.5 Hz, 2H), 7.08

Btz 25 6 H)381(53H%2752 m,
2H)236és 3H)215$3H)120( 5 Hz, 3H). 8C
NMR (125 MHz, CDCls): 5 = 194.0, 193.9, 168.4, 166.0,

159.4, 1565 1561 143 2, 1427, 136.4, 131.9, 131.7,
129.3, 129.2, 126.7, 126.5, 121.9, 120.5, 114.2, 113.9,
109.2, 107.8, 55.3, 28.0, 27.8, 27.5, 25.3, 17.7, 17.0, 14.3,
13.8. HR-MS (ESI): m/z = 4251054, calcd. for
C,1H23CIN2NaO,S (M+Na)+: 425.1061.

Ethyl 2-((benzylamin |%(ethylthlo)methylenef -3-
ehenyl|m|no)butanoate(2zl) /Z2=1:4]: ‘yield:
1%? ellowish viscous liquid; *H NMR (400 MHz
Cls) (Z-22): 5 = 11.09 (s, 1H), 7.43-7.11 (m, 8H), 7.07
d, J=7.6 Hz, 2H), 4.74— 46 (m 2H), 4.29-4.04 (m, 2H),
.07-2.97 (m, 2H), 1.93 (s, 3H), 1.39- 124 3H) 1.19(t,
J =72 Hz, 3H).'"H NM 400 MHz, CD 8(E 22) 6—
11.10 (s, 1H), 7.43-7.11 (m, 8H), 7.10-7.05 (m, 2H),
474 4.46 m, 2H), 4.29-4.04 (m, 2H), 2.83 (q, J = 7.2 Hz,
, 2.00 (s, 3H), 1.39-1.24 (m, 3H), 1.19 (t, J = 7.2 Hz,
3H - 13C NMR (150 MHz, CDCls): 6 = 168.3, 167.4, 164.1,
163.8, 158.7, 158.1, 140.7, 139.7, 138.5, 138.4, 129.0&23,
128.1, 128.0, 127.4, 126.4, 126.2, 125.6, 125.5, 125.2,
125.0, 97.9, 94.7, 59.4(2), 56.7, 56.3, 26.5, 24.4, 17.1, 17.0,
14.6, 14.4, 14.2, 14.1. HR-MS (ESI): m/z = 467.1769,
calcd. for Co7H2sN2NaO,S (M+Na)+: 467.1764.

(E)-Ethyl 3,3- bls(ethylthlg -2- (phenyl(phenyllmlno)
methgl)acrylat |_$6x) ield: 10 54%); orange solid;
54 °C; (400 MHz, C Cls): 5=7.87 (d, J

108 2H), 7.47- 737(m 3H), 7.29-7.22 (m, 2H), 7.04 (t,
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J = 7.6 Hz, 1H), 6.99-6.93 (m, 2H), 4.08 ( % J=172Hz, Ethyl 6-fluoro-4-(4- fluorophenylamlno) -2- methyl
2H), 2.98- 2.49 (m 4H), 1.14-0.92 m, 9H). °C NMR (150 quinoline-3-carboxylate(3e): yield: 133 m 80/ white
MHz, CDCls): = 163.5, 163.4, 15 9,150.7, 138.3,131.8,  solid; mp 98-99 °C;*H NMR (500 MHz, C =8.57

130.4, 128.2, 128.1, 128.0, 123.8, 119.7, 60.8, 29.4, 29.3, gs 1H), 7.92 (dd, J —90 5.5 Hz, 1H), 7.38 ddd J=9.0,
14.8, 14.6, 13.8. HR-MS (ESI): m/z = 422.1213, calcd. for 8.0, 3.0 Hz, 1H 24 (dd. J'=10.0, 30Hz 1H) 6.98-6.94
CaoH2sNNaO,S, (M+Na)*: 422.1219. m, 2H), 6.89— 87( 2H), 4.36 (q, J = 7.0 Hz, 2H), 2.80

s, 3H$_,{ 1.40 t J Mz, 3H). 5C NMR (125 MHz,

=70
General procedure for the synthesis of 3 (taking 3a as an DCly): & = 168, 71 159.0 (d, J = 255.0 HZ 1590 d,J
example). To the solution of 2a (184.0 mg, 0.5 mmol) in 251.3 156.9 \ ,J =25 Hz), 148, 7(dJ 5% HZ
toluene (1 mL) was added potassium carbonate 138.2'm 145.8, 13 .1(d,J= 5 Hz), 131. (dJ= 8 8 Hz), 121.1 (d

1 mmol), anhydrous cupric chloride (6.7 mg, 0.05 mmo§ J =188 Hz), 1207 (d, J = 25 Hz), 120.2 (d, J = 8.8 Hz),
and 1,10-phenanthroline (10 mol%)and stirred at 80 ° 116 1& J 22.5 Hz), 113.6, 109.2 (d, J = 25.0 H2), 61.
After 2a was consumed as indicated by TLC (reaction time, ~ 26.3, 14.1. HR-MS ( +ES|% m/z = 343.1245, calcd. for
12.0 h), the mixture was poured into saturated agueous CagHirF2Nz0; (M+H)": 343.1253.

NaCl (30 mL), and extracted with dichloromethane é 0mL

x 3), the combined organic phase was dried over  Ethyl 6-chloro-4-(4- chlorophenylamlno) -2-methyl
anhydrous Na2SO4and concentrated in vacuo. The crude  quinoline-3- carboxylate(3f) g/lel 123 mg (66%);
product was purified by column chromatography on silica  yellowish solid; mp 144— IH NMR LOO MHz,
gel SEtOAc/ E/TEA = 20: 120:1) to afford 3a (127 mg,  CDCl3): & = 8.47 (s, 1H) 783 (d J 9.0 Hz, 1H), 7.63 (s,

1H), 755 (d, J = 9.0 H (7dJ—85H22)
Bt bl e T
- t, Z Z,
Ethyl 2-methyl-4- (phe” 'am'”"ﬂgwgg“g‘gl,g 8= 168.4, 157.6, 147.0(2), 1417 131.6, 130.7(2), 129.2,

0,
‘r’]ﬁ"ﬁ%ﬁy'ﬂ%@("’;‘) 1Hy|?\}R/IR125081%/IHZ /°>Dg,3 S ee (s 127.9,1238 120.7, 114.8, 61.9, 26.1, 1410. HR-MS (ESi):

1H), 7.93 (d, J = 8.5 Hz, lH 7.71 J —85 Hz, 1 m/z = 375.0655, calcd. for CigH17CI2N20O2 (M+H)™

7.61 (t, J=7.0 Hz, 1H), 7.24-7.18 (m, 3H 7.02(t, J=75  375.0662.

Hz, 1H), 6.91 (d, J = 7’5 Hz, 2H) 433& = 7.0 Hz, 2H),

2.83 fs 3H) 1.38 (t, J = 7.0 Hz, 3H). °C NMR (125 MHz, Ethyl 6-bromo-4-(4- bromophenylamlno) -2-methyl
CDCl»): 6 = 168.7, 157.4, 148, 6(2), 143.5, 130.6, 129.0, qumolmeBcarboxyIate(S% é/le| 187 mg (81%);
128.9, 125.3, 1245 122.7, 119.9, 1197 1133 614 26.3, yellowish solid; mp 124 IH NMR (500 MHZ,
13.9.  HR-MS |SESl m/z = 307.1449, 'calcd. for CDCly): 6 = 8.43 (s 1H 783 (s, lH) 7.75(d, J = 9.0 Hz,

Ci19H19N20; (M+H)*: 307.1441. 1H), 7.68 (d, J = 9.0 1H), 7. 34 d,J= 8.5 Hz, 2H)
gH7)6 d3(\5]( %5 720 2H 34H29 3(8 NMR 01252I\%H) %ZYDSCS)

m m - t, Z, Z, 3

Ethyl 26.di ethg74m(p tgi&a ;gﬁ%wls%ﬁlg]emg 6 =168.3, 157. 7,147.2, 146.6, 142.1, 134.2, 132.1, 130.8,

ggfggx éate@,ti?,\,,‘ﬁ'e'goolMHz (Bee) yellow s . 10y, 1269 1213 120.9, 1188, 115.3, 1149, 619, 26.1, 14.0.

7.82 =185 Hz, 1H), 7.49 (s, 1H), 7.42 (d, J = 85 HR- M% (ES|) m/z = 462. 9640 calcd. for C19H17BI'2N202
Hz 1|3) 7.02 (d, J =8.0 Hz, 2H) 6.82 (d, J= 8.0 Hz, 2H),  (M+H)": 462.9651.
426(%J 70HZ 2H)278$3H 227 3H) 1?6%(}

J =17.0 Hz, 3H{ 13C NMR (125 MHz, CD =1 Ethyl 6-iodo-4-(4-iodophenylamino)-2- methquumolme-
156.2, 148.1, 146.9, 1407 134.0, 132.5, 1322 129.3, 3carbox Iate(3’\R Eled 201 mg (72%); white solid; m
128.4, 123.8, 120.1, 119.6, 112.7, 61.1, 25.7, 21.3, 20,5, 156158 °C MR (400 MHz, CDCI3 S = 839 (s 1H),
13.8. HR-MS |SESI m/iz = 335.1744, calcd. for  8.05 (s, 1H 787%1 J 8.8 Hz, 1H), 7.64 (d, J 8 Hz,
C21H23N20, (M+H)*: 335.1754. 1H), 8 Hz, 2H) 6.64 (d J =288 Hz 2H),

4321(3 J—72HZ 2H), 277(|s 3H), 137(t J=72Hz,

Ethyl 2,7- dlmethyl -4-(m-tolylamino)quinoline-3- C NMR (125 MHz, CDCly): 5 = 168.3, 158.1, 147.7,
carboxylate(3c) ethyl ~ 2 5-dimethyl-4-(m- 14 6, 142.9, 5396 138.1, 1339, 130.9, 1218, 1214,
Iammo)qumollne 3 carbox Iate(3c’) yIE‘|d 144 mg 114.9, 90.1, 85.6, 61.9, 26.3, 14.1. HR-MS ESI): m/z =
/0? yellowish solid: mp 68-70 °C; tH'NMR (400 MHz, 558.9377, calcd. for C1gH1712N202 (M+H)*: 558.9374.
DCl3) (3c): & = 8.69 (s, 1H), 7.71 (s, 1H), 7.60 (d, J = 8.8
Hz, 1H), 7.10 (t, J = 8.0 Hz, 1H§ 7.44-7.00 ém ng 6.83  Ethyl 7-methoxy-4-(3-methoxyphenylamino)-2- methgl
d, J=76 Hz, 1H), 6.77 (s, 1H), 6.72-6.67 (m, 1H), 4.33  quinoline-3- carboxylate(3|) and ethyl 5-methoxy-4-(
q,J=7.2H z 2H) 281 SW 2.47 (s, 3H), 2.26 (s 3H3 methoxyphenylamino)-2-methylquinoline-3-
39(, =72 Hz 3H) R (400 MHz CDCls (3c carboxylate(3|’) |eId 146 mg (80%); yeIIOW|sh solid;
3§id J'=8.4 Hz, 1H), 7.79 (s, 1H), 754 (1, 1= 8.4 mp 83-85 °C; ' NMR (400 MHz, CDCls) (3i): & = 8.83 (s,
Hzl 2708m1H)704 OO(m 1H), 6.72— 667 1H), 7.63 (d, J-92Hz 1H), 7.55— 751(m 1H), 7.25 (s,
m, 1H), 6.46 (s, 1H), 6.37 (d, J = 8.4 Hz, 1H) 4253 1H 711tJ—84HZ lHa'685 J—92Hzlg
2Hz 2H), 276 s, 3H), 255%5 3H), 2.20 (s, 3H) 29(t, 6.51-6.47 (m, 1H), 6.45 (s, 1H), 4.35 (g, J = 7.2 Hz, 2H
J=72Hz, 1H). CNMR 125 MHz, CDCls): 3.91 s 3H 369(5 3H), 2.82 (s, 3H), 1.39 (t, J = 7.2 Hz,
168.5, 157.6, 1562 1501 149.1, 149.0, 1479 1448 3H). IR (400 MHz, CDCly) (3|’) d= 950 (s 1H)
143.6, 141.3, 139.1, 1355, 130.4, 129.1, 129.0, 128.9, 7.56— 750 (m, 1H), 7.20 (t, J = 8.0 Hz, 1H), 6.79 (
128.1, 127.3, 126.6, 125.4, 123.6, 122.3, 122.3. 120.8, 6.8 Hz, 1H), 6.72 d, J=7.6Hz, 1H), 6.69 (s, 1H 665 d
118.7, 117.6, 117.5, 117.2, 113.6, 112.4, 61.5, 61. 4, 26.6, J = 8.0 Hz, 1H), 45 s, 1H 398 (s, 3H), (?
25.3, 23.2, 21.7, 214(2 14.1, 13.9. HR-MS (ESI): m/z = 3.62$q,J—72Hz 2H), 2.6 53H 111tJ 2Hz
335.1744, caicd. for CarHasN,0, (M+H)*: 335.1754. 3H). C NMR (125 MHz, CDCI_/) 6 1690 168.2, 161.8,
1004 102 Lo, 1817, 1500, 1508, 1492 1405
Seoline S by istetd) el Y TEs e (Booey 1142, 1125, 1118, BI04 1105 1084, 1073
yellowish solid; mp 89— 93 “1H NMR (500 MHZ 105.8, 104.8, 61.5, 60.7, 56.4, 55.5, 55.2(2), 26.7, 24.6,
CDCls): & = 875 s, lH) 7.80 (d 'J 90HZ 1H), 7.23 d 14.1, 13.8. HR-MS (ESI): m/z = 367.1658, calcd. for

J= 0.0 Hz, 1H), 6.93-6. 91|jm . 6.81 ( 352 65 CaiHz3N204 (M+H)": 367.1652.
2H),434Sq 5P © 5 345§3H)

2.78 fs, 3H),1.39 (t, J=75 Hz 3H) SC NMR (125 MHZ, Ethyl 4-(biphenyl-4-ylamino)-2-methyl-6-
CDCl3): 8= 169.2, 155.9, 155.8, 155.1, 149 0, 144.6, phenylquinoline-3- carboxylate(SJ) X;eld 211 mg (92%);
136.6, 130.3, 123.0, 122.9, 119.8, 1143 111.9, 104.2, 61.4, yellowish solid; mp 132-133 ° R (400 MHz,

55.5, 54.9, 26.3, 14.1. HR-MS g % m/z = 367.1642,  CDCls): &= 9.05 (s, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.91~
calcd. for CaiH2sN204 (M+H)™: 367.1652. 7.86 (M, 2H), 7.58 (d, J = 7.6 Hz, 2H), 7.53 (d, J = 8.4 Hz,
2H), 7.44 (3= 7.6 Hz, 2H), 7.34'(t, J = 7.2 Hz, 1H).
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J = 8.0 Hz, 2H), 438|S
7.2 Hz, 2H) (s, 3H 142(tJ—72HZ3213C
NMR (125 MHZ DCls): 6=168.8, 157.5, 149.1, 148

142.7, 1403, 139.8, 136.7, 136.1, 130.0, 129.3, 128.7,
128.6, 127.7, 127.2, 126. 9%) 126.5, 123.6, 121.0, 119.3,
1125, 61.4, 26,5, 14.0. HR-MS ES . m/z = 459.2053,

calcd. for CaHz7N202 (M+H)*: 459 2067.

7.27-1.23 m , 7. 063

Ethyl 2,8-dimethyl-4-(o- toI Iamlno?qumolme -3-
carboxylateéSkI) yield: 149 ml\% B) ellowish solid,;
mp 91-93 °C; 'H NMR (400 MHz, CDCls): & = 8.40 (s,
1I—967 47— 743 m, 2Hg37 Zlét J =48 Hz, 1H), 7.05 (t, J

Hz, 1H_/) 6956 H), 660(}[\] 4.8 Hz, 1H),
430& 2 Hz, 2H), 284&5 3H)2 s, 3H), 2411
3H), 1.37 (t, J = 7.2 Hz, 3H). 3C NMR (125 MHz, CDC 3):

6=169.1, 1562 149.7, 147.7, 142.4, 136.9, 1308 130.6,
128.7, 126.3, 124.1, 123.2, 122.9 120 0, 119. 6, 112. 8, 614
26.9, 18.2, 18.1, 14.0. HR-MS E() g m/z = 335. 1748
calcd. for C»1H23N,0, (M+H)+I 335.1754.

%/ 2-methyl-6-(trifluoromethyl)-4-(4-
tr| uoromethyl)phe Iammo)qumolme -3- carboxg/late
yield: 166 m%g ) white solid; mp 130-131 °C
NMR 400 MHz Cls): 8 = 8.66 (s, 1H§ 8.06 (d, J = 88
Hz, 1H), 8.00 (s, 1H), 784(d J=8.8 Hz, 1H), 750(d J=
8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H), 4.37 (4, J = 7.2 Hz,
2H), 2.84 (5, 3H), 1.39 (t, J = 7.2 Hz, 3H). C NMR (125
MHz, CDCls): 5 = 168.1, 160.0, 149.9, 147.9, 146.2, 1 05

1272qJ 32.5 Hz), 126.7 g,J= 26Hz 1266(q
3.6 Hz), 123.1 (q, J -45 Hz 1194 118.7, 116.1, 622
26.4, 14.0. 19FN R (470 M z CDCI3 6——640 -64.5.
HR-MS (ESI): m/z = 443.1178, calcd. for CarH17EsN2O;
(M+H)*: 443, 1189.

1-(2-Methyl-4- phenylammo)qumolm -3-yl)ethanone
£3m) ield: 16 gl%) white solid; mp 137-138 °C;
R 400MH DCl3): 6 = 795(d J=8.4 Hz, 1H),
777 d, J—84Hz 1H 764(t J = 6.8 Hz, 1H), 75455
1H), 28(t J=72Hz, 1H) 721 t,J = 7.6 Hz, 2H), 6
t, J = 7.6 Hz, 1H)684(d Hz, 2H|)272(s 3H),
48 (s, 3H). BC'NMR (125 MHz cbc 3): & = 204.
155.2, 148.6, 144.2, 143.6, 1305, 129.3, 129.0, 1252,
124.4, 122.3,120.9, 118.6, 32.0, 25.0. HR-MS (ESI): m/z
= 277.1331, calcd. for C1gH17N20 (M+H)*: 277.1335.

-(2, 6 Dimethyl-4-(p- toI(}/Iammo)qumolm -3-yl)ethanone
g yield: 137 mg ? white solid; mp 136-137 °C;
MR(400 MHz 2 5=7.85(d, J= 8.4 Hz, 1H),
756(s 1H), 7.48 (d. J = 8.4 Hz, 1H 733(s 1H 702(d
J-80Hz 2H)676dJ-80 z s, 3H).
2.42 (s, 3H), 2.36 (s, 3H), 2.28 (s, é'c NM 125
MHz, CDCI3): 6 = 204.9,
132.6, 132.0, 129.7, 128.8, 124.7, 122, 8(2), 119. 1,°31.9,
24.8,21.7,20.7. HR-MS (ESI): m/z = 305.1658, calcd. for
CaoH2tN20 (M+H)*: 305.1648.

1-(6- Methox?/ -4-(4-methoxyphe 3/Iam|no) -2- methyl
quinolin-3-y ethanoneg30) yield: 160 mg (95%); Whlte
solid; mp 120-121 °C; *H NMR (400 MHz, CDCl3): & =
7.84 (s, lH ,7.82(d, J=8.8 Hz, IH), 7.25 (d, J = 88Hz
1H), 7.02 ( s 1H 85 d J 84Hz 2H), 6.78 (d, J = 8.4
Hz, 2H , 3.75 (S, 3H), s, 3H), 2.66 (s, 3H), 2.48 (s,
3H 'NMR (125 MHz, CDCI3 3 = 205.0, 156.3, 155.5,

6, 1446, 144.4, 1365, 130.3, 123.6, 122.6, 121.8,
120.9, 114.4, 102.9, 55.4, 55.0, 32.0, 24.8. HR-MS (ESI):
m/z = 337.1548, calcd. for CoH21N203 (M+H)*: 337.1547.

1-(6-Fluoro-4-(4- fluorophen}/Iammo -2-methylquinolin-
4yl)ethanone( p): vield: 11 mgé %); white solid; mp
5-146 °C; 'H N R (500 MHz, CDCl3): 6 = 7.94 dd

=9.0, 5.5 Hz, 1H 75285 1H), 7.40 (ddd, J = 9.0, 8.
Hz, 1H), 7.30 (dd, 3.0 Yz, 1H), 6.96 692m
6.83-6.79 (m, 2H), 2.69 (s, 3H). 2.50 (s, 3H).

125 MHz, CDCly): & = 204.8, 159.5 %d J=2459 Hz)
58.6 (d, J = 241.0'Hz), 154.5 (d, J = 2.6 Hz), 145.7, 1441
d,J=5.0Hz,139.2dJ 2.6 Hz), 131.6 (d, J = 8.8 Hz),
25.5,121.4 (d, J = 9.3 Hz), 120.6 (d, J = 12.5 Hz), 120.4.
116.1'(d, J = 22.6 Hz), o 1 (d, J=23.8 Hz), 320, 24.8.

54.3, 1471 1441 140.9, 135.1,
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HR-MS gEsn m/z = 313.1143, calcd. for CisHisFoN,O
(M+H)*: 313.1147.

1-(6-Chloro-4- E4 chlorophenylamln? -2-methylquinolin

-3-yl)ethanone ield: 124 mg whlte soI|d mp
¥172 °C; 'H n‘?ﬁn% (400 MHz, Cﬁ:) 83 d J=
88Hz 1H), 7.69 (s, 1H 760(dJ 8. Hz 1H)728
1H),7.19dJ—88 z, , 6.74 (d, J=88Hz, 2
2.70 (s, 3H), 2.48 (s, 3H) "NMR (125 MHz, CDCls):
5 =204.5, 1555, 147.1, 142.7, 141.9, 131.6, 1315, 130.
1295 1275, 126.8, 123.1, 121.9, 119.4, 31.9, 24.9. HR-
ESI): m/z = 345.0552, calcd. for CisHisCloN2O
(M+ )*: 345.0556.

1 (6 -Bromo-4-(4-bromo dphenf/lamlno) -2-methylquinolin
l)ethanone 3rRA¥| 17 79%); white solid; m
178°C H'N 400 MHz C Cl3): 6 = 7.87 (s, 1d)

784(dJ 8.8 Hz, 1H), 773 88Hz 1H), 7.34 (

J—88H22H 721&_| &669 J = 8.8"Hz, 2H),

2.69 6 248 (s, 3 NMR (125 MHz, CDCls):

= 5, 155.7, 147.3, 1425 142.4,134.1, 132.4, 131.

126.9, 126.4, 122.4, 119.7(2), 114.9, 32.0, 24.9. HR-MS

gESI%Sm/z ='432.9545, calcd. for CisH1sBraN,0 (M+H)*:

1-(4-(Biphenyl-4-ylamino)-2-methyl-6-phenylquinolin-
3-ylethanone(3s): yield: 171 mg 0%? yellow solid; mp
188-190 °C; *H NMR (500 MHz, CDClI5): 6 = 8.02 (d J=
9.0 Hz, 1H), 7.96-7.95 (m, 2H), 7.90 (d, J = 8.5 Hz, 1H)
756(d J=7.0Hz, 2H), 7.50 (d, J = 8. Hz, 2H), 743(t
= 7.5 Hz, 2H 7.36-7.24 (m, 6H), 6985d J=80 Hz, 2H),
276 8 2.55 (s, 3H). °C NMR 325 MHz, CDCls):
55.4, 1 81 144.9, 142.9, 140.4, 1400, 137.7,
135 7, 130 1, 129.5, 128. 8%2) 128.0, 127.5, 127.2, 127.0,
126.6, 124.9, 122.8, 120.6, 119.8, 32.2, 25.4. HR-MS
SEZSI%%nlw/z = 429.1955, calcd. for CsoHasN.O (M+H)*:

1-(2-Methyl-6-(trifluoromethyl)-4-(4-(trifluoromethyl)
phen Iammo)qumolln -3-yl)ethanone( t?\‘ yield: 144 mg
70%>/ white ‘solid; mp 192-193 °C; 'H NMR (500 MHz,
d= 809(d J=9.0 Hz, 1H) 8.02 (s, 1H), 786(d
J =9.0 Hz, 1H 748(d J=85 Hz, 2H 745(5 1H),
6.85 (d, J =85 Hz, 2H), 2.76 (s, 3H) 252 (s, 3H). 13C
NMR (125 MHz, CDCls): § = 204.3, 157.7, 149.8, 146.3,
143.2, 130.6, 128.4, 127.8 @ J= 325 Hz), 126.9 (q, J =
36Hz) 1265(q J =3.3 Hz), 1222|_$ ,J=4.8 Hz), 120.7,
117.1,731.9, 25.0. °F NMR (470 MHz, CDCls): 6 = -63.9,
-64.5. HR-MS (ESI): m/z = 413.1078,
CaoH15FsN2O(M+H)*: 413.1083.

caled.  for

Ethyl 2-methyl-4- (naphthalen 1-ylamino)benzo[h]
quinoline-3-carboxylate(3u): 0ylel 201 mg (99%);
yellowish solid; mp 115-118 IH NMR (400 MHz,
CDCls): 5 =9.33 (d, J = 8.0 Hz, 1H) 9.08 (s, 1H), 8.37 (d.
J = 8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H , 1.73-7.51 (m,
6H), 7.43 (d, 3= 9.2 Hz, 1H), 7.32 (d, J = 9.2 Hz, 1H)
7.15(t,J= 8.0 Hz, 1H) 667&d J=17.6 Hz, 1H 433 q

= 7.2 Hz, 2H), 29933H) 35 (t, J = 7.2 Hz, C
NMR (125 Hz CDCls): 6 = 169.1, 157.0, 1498 47. 3,
140.2, 134.4, 1339, 131.2, 128.6, 128.4, 127.4, 126.9,
126.7, 126.5, 126.3, 125.6, 125.3. 125.2, 123.1, 122.3.
121.6, 117.0, 115.7, 114.8, 61.6, 26.9, 14.0. HR-MS (ESI):
m/z = 407.1744, calcd. for Co7H23N20, (M+H)* 407.1754.

1-(2-Methyl-4-(naphthalen-1- ylamlno)benzo[h]qumolln
-3-yl)ethanone(3v): yield: 184 mg (98%); yellowvsh solid;
mp 184-185 °C; *H NMR (400 MHz, C CI3 =9. 27|Sd
J =80 Hz, 1H), 8.25 (d, J = 9.2 Hz, 1H) 802 (s, 1
7.82 (d, J=9.2'Hz, 1H), 7.66-7.41 (m 7H 7.30 (d, J—
9.2 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 6.58 d, J =76 Hz
1H), 2.82 (s 3H), 2.44 (s, SH) C NMR' (125 MHz,
CDC|3)' 6= 205.0, 154.1, 147.0, 145.3, 140.2, 134.3,
133.7, 131.1, 1285, 1284, 127.4, 126.8, 126.6, 126.4,
126.2, 126.0, 125.6, 124.9. 122.7, 121.4. 121.2, 118.1,
1145, 31.9, 25.5. HR-MS (ESI): m/z = 377.1638, calcd.
for CosH21N>O (M+H)+: 377.1648.
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Ethyl 7-chloro-4-(3-chlorophenylamino)-2-methyl
quinoline-3-carboxylate(3w): yield: ~ 118 m (63%%;
yellowish solid; mp 108-109 °C; 'H NMR (JOO MHz,
CDCls): & = 8.65 (s, 1H), 7.93 (s, 1H), 7.60 (d, J = 9.0 Hz,
1H), 7.18 (d, J = 9.0 Hz, 1H), 7.13 (t, J = 8.0 Hz, 1H), 6.98
Sd, J = 8.0 Hz, 1H), 6.88 (s, 1H), 6.72 (d, J = 8.0 Hz, 1H),
.37 (9, J = 7.5 Hz, 2H), 2.80 (s, 3H), 1.40 (t, J = 7.5 Hz,
3H). BC NMR 5125 MHz, CDCls): 6 = 168.4, 158.9, 149.3,
148.0, 144.7, 136.9, 135.0, 130.2, 128.2, 126.6, 125.9,
122.9, 119.6, 118.3, 117.7, 114.3, 61.9, 26.4, 14.0. HR-MS
%2%68’12/2 = 375.0654, calcd. for C19H17CI2N20; (M+H)+Z

Ethyl 2-phen I-4-(phen%/Iamino)quino_line-3-
carboxylate(3x): k//:eld: 69 mg ((/9 %R; white solid; m
141-142 °C; *H'NMR (400 MHz, CDClI3): 6 = 8.65 (s, 1H),
8.09 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.66—
7.61 (m, 3H), 7.46-7.39 (m, 3H), 7.24-7.19 (m, 3H), 7.02
t, J =7.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 2H), 3.93 (q, J =
.2 Hz, 2H), 0.73 (t, J = 7.2 Hz, 3H). C NMR (125 MHz,
CDCl3): 6 = 169.3, 158.9, 148.9, 148.5, 143.5, 1422,
130.8, 130.1, 129.1, 128.1, 128.0, 125.9, 124.9, 123.0,
120.2, 119.5, 113.7, 61.3, 13.0. HR-MS (ESB: miz =
369.1607, calcd. for C2aH20N202 (M+H)*: 369.1598.

Ethyl 2_—pheny|-4—(phen%/Iamino)_quino_line—3-
carboxylate(3x): yield: 169 mg (9 %P; white solid; m
141-142 °C; *H' NMR (400 MHz, CDCI3): & = 8.65 (s, 1H),
8.09 Ed, J=8.4Hz 1H), 7.74 Sd, J = 8.4 Hz, 1H), 7.66—
7.61 (m, 3H), 7.46-7.39 (m, 3H), 7.24-7.19 (m, 3H), 7.02
t,J=7.6 Hz, 1H), 6.94 (d, J = 7.6 Hz, 2H), 3.93 (g, J =
2 Hz, 2H), 0.73 (t, J = 7.2 Hz, 3H). °C NMR (125 MHz,
CDCl3): 6= 169.3, 158.9, 148.9, 148.5, 143.5, 142.2,
130.8, 130.1, 129.1, 128.1, 128.0, 125.9, 124.9, 123.0,
120.2, 1195, 113.7, 61.3, 13.0. HR-MS (ESI): m/z =
369.1607, calcd. for CasH2oN20, (M+H)*: 369.1598.

1-(6-Chloro-4-(4-methoxy henylamino)-2-meth/y|
quinolin—3—y2ethanone§3y : yield: 161 mg (87%); white
solid; mp 165-166 °C; *H NMR (400 MHz, CDCls): 5 =
7.84 (d,J =9.2 Hz, 1H), 7.76 gs, 1H), 7.75 %s, 1H), 7.52 (d,
J =9.2 Hz, 1H), 6.88 (d, J = 9.2 Hz, 2H), 6.79 (d, J = 9.2
Hz, 2H), 3.77 (s, 3H), 2.65 (s, 3H), 2.42 (s, 3H). BC NMR
125 MHz, CDCls): 6 = 204.5, 156.1, 155.8, 146.9, 145.0,
35.7, 131.0, 130.6, 130.5, 123.1, 122.9, 122.3, 121.0,
114.6, 55.4, 31.9, 24.9. HR-MS (ESI): m/z = 341.1051,
calcd. for C19H18C|N202 (M+H)+Z 341.1043.

Ethyl 4-1benzylaminog-z-methquuinoIine_—3—_carboxylate
gSZ)Z yield: 40 mg (25%); orange viscous liquid; *H NMR
600 MHz, CDCI%: 8=7.94(d, J=8.4Hz, 1H), 7.90 (d, J
= 8.4 Hz, 1H), 7.62 (t, J = 7.2 Hz, 1H), 7.39-7.30 (m, 6H),
6.87 (s, 1H), 4.67 (d, J = 5.4 Hz, 2H), 4.33 (q, J = 7.2 Hz,
2H), 2.72 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H). 3C NMR (150
MHz, CDCls): 8 = 169.6, 157.3, 152.8, 148.4, 138.5, 130.5,
129.0, 128.9,127.8, 127.5, 124.4, 123.1, 118.7, 108.6, 61.3,
52.2,25.9, 14.0. HR-MS (ESI): m/z = 321.1590, calcd. for
CooH21N20; (M+H)+Z 321.1598.

N—((%/clohexylimino?_me_thylene aniline(010): yield: 69
mg gg%); colorless liquid; *H NMR (400 MHz, CDCls) §
=7.27 (. J = 7.6 Hz, 2H), 7.13 — 7.04 (m, BHZ, 3.46 (m,
1H), 2.14 - 1.90 (m, 2H), 1.81 — 1.71 (m, 2H), 1.62 — 1.41
gm, 3H), 1.40 — 1.18 (m, 3H). 3C NMR (150 MHz, CDCI%

=140.9, 136.1, 129.2, 124.4, 123.3, 56.5, 34.9, 25.3, 24.3.
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N= R’

EtS’ NHAr(R%)

CuCl, (10 mol%)

Phen (10 mol%) (ROAHN o

; R
K,COj3 (2 equiv) 6:C R' EtS-SEt
Toluene, 80-110°C 71 N 2R2 byproduct

air, 8-16 h

R'= Me, OEt; R = H, Me, Ph, MeO, F, CI, Br, |, CF; etc. at C2-C8 positions

readily available substrates; cheap

fi i I-group tolerance; gram-

yst;
scale synthesis; relatively mild reaction conditions; no external thiolate scavenger
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