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Synthesis of 2,4-Disubstituted Quinolines in Deep Eutectic Solvents
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Abstract In the deep eutectic solvent which composed of choline chloride and zinc chloride, a series of 2,4-disubstituted
quinolines were synthesized via cyclization coupling of 2-aminoacetophenone and aromatic alkyne. When the molar ratio of
choline chloride and zinc chloride was 1 : 2, the yield up to 98% was achieved at 80 ‘C for 3 h. The method does not need
additional catalyst, and has the advantages of mild reaction conditions, simple operation and a wide range of substrates.

deep eutectic solvent; choline chloride; zinc chloride; cyclization coupling; 2,4-disubstituted quinoline
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5 2,4- — HURIERAT A

Qe A

Ref. [6] | Acid
©\ Acid
NH, \ /
- Ref. [3] m This work
)\

0O~ 'NH Tf,0
Acid, MeOH

2-F-Pyr
ij//ﬂﬂm ‘\\\
Ref. [12]] K105 ¢ (1] Ha
2
k Ll
R
B 1 2,4- UM BRI & o W5 T 12

Scheme 1 Synthetic routes of 2,4-disubstituted quinolines
1 GRS

WAk 2-FFE K LRI 2R AR SR JE
Y, W58 7R UM IRBRSE R A R I ROR, g R
x 1 P, £ n(FALIER) @ n(EALE)=1 2 AW
DES H, &M 3 h BIA[ 132 85%MH1 /=%, /L n(FEALAH
B n(EER)=1 © 1 TR DES A, FH%A R3] H bx
FER; AR E ) DES W, BANA HAR=AE K, (EAE
XFTE n(FALNER) @ n(EALE)=1: 2 FAHH DES
i = R, Bk, &8 TRl a(EAEER) @ n(E A
Bry=1 : 2 1M DES A SN 7).

F1 AFH BRI RE RN B R I §E A @
Table 1 Effect of DESs on the yield”

L

R2

Entry DES Yield®/%
1 SR ZE(n © n=1:3.5) 10
2 FALIHIR AT R (n - n=1 1) 16
3 SACHETR/ R (n * n=1 1) Trace
4 ARG SRR (n C n=111) 15
5 S EAEE(n =11 2) 85
6 SALIEAR A & - n=1 1) 10

“ Reaction condition: 0.3 mmol of 2-aminoacetophenone, 0.36 mmol of phe-
nylacetylene, 1 mL of DES, the reaction mixture was stirred in oil bath at
80 °C for 3 h.’ Yields of pure products isolated by chromatography.

TERTIASEIG o, FATRIUER ZIRAE n(FALRERR)
n(ZAbE)=1: 2 Fr4lf) DES & RAEE S RN, M
MFE 2-FHEIK O R NATE A, Rk, SN R
MR RET T %, 4Rk 2 PR, 4 2-8 R KL
il () P 5 B i T2 BRE, PR RN 79%; 24 2-
AR O PR R T 2K SRS, PR 8 BTt
4P E LA RN 1 2 20, P23RATIA 92%. 4k4L N
KPPV, 722 EFH93%).

DL DES NS FII B EERK, A s in— Lk
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R 2 2-FHEIR O IR L5 R LT R 1
AN

Table 2 Effect of the molar ratios of 2-aminoacetophenone to
phenylacetylene on the yield

n(2-aminoacetophenone) -

. 1qb
Entry n(phenylacetylene) Yield' /%
1 3:1 78
2 201 79
3 1:1 66
4 1115 85
5 1:2 92
6 1:3 93

¢ Reaction condition: 2-aminoacetophenone, phenylacetylene, 1 mL of DES,
the reaction mixture was stirred in oil bath at 80 °C for 3 h. * Yields of pure
products isolated by chromatography.

B, AT CARRRAR R IR RN R R AT B 2 il
I\ DES H & AR R, M m Ly # v m, %
BT, 7E n(EACIERR) @ n(EALE) =1 1 2 AT
DES HIIA T — S8 SRR 2R H S BRI se . &5
RUNER 3 Fror, AINH BRI 220758 90%, 1N
T 22 BRI R S A& 4, $0a s B. FIEA T, TITAAN T mL
AKEF, B3 hJEHEARIE]E bR, STk, Bl
W DES TER AU N —FhiE s, 1w ik B
AL THRE, TN © A 7 2 AR PR IR Rl 7)1 A A
e, PRARRBLVEME. PR, FRATIE FASEINAT v ¥ 750
DES N B AFIEATIE L.

3 ININETIDNS SR R PR
Table 3  Effect of addition solvent on the yield”

Entry Solvent Yield”/%
1 P 19
2 o 33
3 2Bz 46
4 7K Trace
5 1.2- 8 ke 30
7 — 90

© 2020 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 0.3 mmol of 2-aminoacetophenone, 0.6 mmol of phe-
nylacetylene, 1 mL of DES, the reaction mixture was stirred in oil bath at
80 °C for 3 h. ”Yields of pure products isolated by chromatography.

FEASZIG R, TR AN G S SRR 2R, 23 50
TR RR R 1 0 P8 UL P8 vy, 8 P ERAR). PR TR X
LI g R 1 s, RS 26 0.3 mmol 2-
RIEIK LM, 0.6 mmol Z MR, 1 mL B a(EALIED)
n(FAE) =112 WY DES, FEAN R ) oh 4
P 3 h, BEREEGE S B ER, B RS TE, 5
R Z G0, YR PUREIAE] 80 CHY, 464w
B, PERIEARGEEAL, L, %8 80 C AR M
.

X N T REATARAL Y 4 SR AN 1 2 BT, RN 4%
0.3 mmol 2-ZF 2.0, 0.6 mmol KK, 1 mL 1 n(&
TRIEBR) @ n(FEALER)=1 : 2 411/ DES, 80 °CHIiisH
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bSO ], FREIRE (U4, 2R B o)
F 300, PR LR E L BT 4RSI 3 h
Ja, SRERFEAC ML A], 2RI RN R, Bk, ik
¥ 3 h I% SN B ).

e, M T — RV BUREE ) 2-Z 32K L AN
KOS, UHEEZLRITIERRERYE. Hk 4
FIR, H nCGRALIEER) @ n(RALER) =1 © 2 FTéL ) DES
Xof IR ST AL & R A B R YIE . — &R
2-F IR O 5 BRI, BIREAS 2 BT

#4

T T T

T T
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Time/h

B2 A R
Figure 2  Effect of time on the yield

O PER SR TR E, SR A 3 5
(Table 4, Entries 2~4), 5 =7= R 115 98%; 1M 7 U1K
ML R, R B G R 11 7= 2 B 2 v T o A A ] a7
(1155 BUHLJE (Table 4, Entries 5~7); - [A— M5
o RIS U, 7 3B TP K(Table 4, Entry 5,
Entries 8, 9). X T & A BARER 2-Z K LAWK,
HAR 3k I AN 2 B S5 82 1) [ 8L ¥ 77 %4 (Table 4, Entries
10~12).

TRIL R 77 & P R AT A

Table 4 Synthesis of quinoline derivatives in DES

o} R’
R3+\ R, o DES RS :_(j\)j
Z>NH, 2 80°C.3h Z N7 OR2
1 3
Entry 1 2 3 Yield”/%
Q X
& O—= ; :
NH,
3a
(0} & X
O, . :
NH
2 3b
0 = A
3 @f‘\ 7 98
NH2 MeO
3c OMe
o) =
7 A
&6 Aoy
NH
2 OMe 3d
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gk
Entry 1 2 3 Yield®/%
0 = B
5 N/ 91
NF. ] 3e ‘ F
i F = A
6 (j%\ 7 F 63
NH, 3f O
o F
= = F
SN o - Gl e S
NH, 3
0 = AN
8 7 38
NH, cl O
3h cl
0 = B
9 N/ 77
NH, Br O
3i Br
i =
S > G o L ;
NH, N7 O
3j
o Br
Br 4 S
11 7 90
NH, " O
i =
12 (:(/ 89

A

)

N

=z
2 A

“Reaction condition: 0.3 mmol of functionalized 2-aminoacetophenone, 0.6 mmol of functionalized phenylacetylene, 1 mL of DES, the reaction mixture was stirred
in oil bath at 80 °C for 3 h. * Yields of pure products isolated by chromatography.

2 g

A% 3 LGP IE B AT S P 2L AR R A 51U O
RSN, EESL T M MR S SR . RO
% TR EABON R MRYIVE ], — RIPACRZ
R AU CBR I REBEAT N, AR ZEAINHEAL IR

BLVEH, B RIBAE, 75 & skt b2 B
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3 SCIRERSY
X5 F
Bruker Avance-500 ZUAZ i PR 1L, LC-TOF MS-MS
(ESD &2 #m i 4%, DF-101S £ aUIE I 0 #is o 1 4
2. TR AT o pral, B R Rl R AT AT AL H.
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3.2 ZLWAHE

i) 10 mL EIERE I 0.3 mmol 2-Z LK 2
0.6 mmol & Z.Ht\ 1 mL B n(FALAEH) @ n(FALE)=1 :
2 HE) DES, £ 80 CilAH &M 3 h. M TERUE,
M R CBRZEI S IR, B HUAHE IR R 46 515 2K 4,
PGS BV HE)) @ MR ZE) =5 11153
Al = i

4-HIHE 2 IR BEMEIR(3a): 77K 93%. PR, m.p.
61~62 C (LitP 62~63 ‘C); '"H NMR (500 MHz,
DMSO-dj) 6: 8.30~8.23 (m, 2H), 8.07 (t, J=7.5 Hz, 2H),
8.02 (s, 1H), 7.79~7.73 (m, 1H), 7.60 (dd, J=11.5, 4.5
Hz, 1H), 7.55 (dd, J=10.0, 4.5 Hz, 2H), 7.52~7.46 (m,
1H), 2.74 (s, 3H); *C NMR (126 MHz, DMSO-dy)
155.67, 147.46, 145.20, 138.76, 129.69, 129.60, 129.50,
128.79, 127.17, 126.92, 126.24, 124.11, 119.18, 18.46; IR
(KBr) v: 2923, 1509, 1281, 1238, 762 cm .

4-HBE-2-(3-FH AR EIIR(3b): 77 95%. ¥R IE (R
[E44, mp. 77~78 C (Lit.*? 77~78 “C); "H NMR (500
MHz, DMSO-dq) 6: 8.23 (d, J=8.5 Hz, 1H), 8.03 (s, 1H),
7.95 (dd, J=13.0, 8.0 Hz, 2H), 7.73 (dd, J=8.5, 7.0 Hz,
1H), 7.69 (s, 1H), 7.53 (t, J=7.5 Hz, 1H), 7.43 (t, J=7.5
Hz, 1H), 7.29 (d, J=7.5 Hz, 1H), 2.72 (s, 3H), 2.50 (s,
3H); *C NMR (126 MHz, CDCly) 6: 157.22, 148.05,
144.75, 139.73, 138.42, 130.19, 130.02, 129.31, 128.68,
128.22, 127.22, 125.96, 124.68, 123.63, 119.88, 21.63,
19.01. IR (KBr) v: 3059, 2922, 1580, 1573, 1484, 747

le

4-F L2 (4-F A FE IR (3e): 7= 98%. FH
[l 4, m.p. 110~112 C (Lit®¥ 110~112 C); '"H NMR
(500 MHz, CDCl;) : 8.14 (t, J=9.5 Hz, 3H), 7.96 (d, J=
8.0 Hz, 1H), 7.70 (t, J=7.5 Hz, 1H), 7.66 (s, 1H), 7.51 (t,
J=7.5Hz, 1H), 7.04 (d, J=9.0 Hz, 2H), 3.88 (s, 3H), 2.73
(s, 3H); °C NMR (126 MHz, CDCLy) &: 160.75, 156.68,
148.19, 144.68, 132.42, 130.11, 129.34, 128.91, 127.07,
125.74, 123.69, 119.38, 114.22, 55.46, 19.13; IR (KBr) v:
2924, 1599, 1504, 742 cm ™.

A-FAE-2-(3- FAEUEE SR HE R (3) ) 7236 94%, %
OREFWA. "H NMR (500 MHz, CDCl;) 6: 8.20 (d, J=
9.0 Hz, 1H), 7.97 (d, J=8.5 Hz, 1H), 7.80~7.76 (m, 1H),
7.74~7.66 (m, 3H), 7.53 (t, J=7.5 Hz, 1H), 7.43 (t, J=
8.0 Hz, 1H), 7.02 (dd, J=8.5, 3.0 Hz, 1H), 3.93 (s, 3H),
2.73 (s, 3H); C NMR (126 MHz, CDCl;) §: 160.12,
156.90, 148.08, 144.90, 141.35, 130.32, 129.82, 129.41,
127.39, 126.14, 123.70, 120.04, 119.93, 115.34, 112.66,
55.47,19.10; IR (KBr) v: 2941, 1595, 1514, 759 cm ..

160 http://sioc-journal.cn/
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4-FHE2-(4-FRR I EMR(3e) ) P2 91%, M (h
A&, 'TH NMR (500 MHz, CDCl;) J: 8.18~8.10 (m, 3H),
7.95 (d, J=8.5 Hz, 1H), 7.72 (dd, J=11.0, 4.0 Hz, 1H),
7.61 (s, 1H), 7.52 (t, J=7.5 Hz, 1H), 7.19 (dd, J=12.0,
5.0 Hz, 2H), 2.70 (s, 3H); *C NMR (126 MHz, CDCL) ¢:
163.73 (d, J=248.5 Hz), 155.89, 148.02, 145.04, 135.91
(d, J=3.0 Hz), 130.16, 129.49, 129.38 (d, J=8.5 Hz),
127.15, 126.11, 123.68, 119.38, 115.71 (d, J=21.5 Hz),
19.04; IR (KBr) v: 3057, 2943, 1605, 1550, 1502, 752
cm L

4-FHE2-(B- G EMR (3N P2 63%, HEERL
FHWAA. 'TH NMR (500 MHz, CDCLy) ¢: 8.18 (d, J=8.5
Hz, 1H), 7.98 (d, J=8.5 Hz, 1H), 7.91 (dd, J=9.5, 1.5 Hz,
2H), 7.73 (t, J=8.5 Hz, 1H), 7.66 (s, 1H), 7.55 (t, J=7.5
Hz, 1H), 7.47 (td, J=7.5, 6.0 Hz, 1H), 7.18~7.12 (m,
1H), 2.74 (s, 3 H); *C NMR (126 MHz, CDCl;) §: 163.38
(d, J=245.5Hz), 155.61 (d, J=2.5 Hz), 148.03, 145.25,
142.14 (d, J=17.5 Hz), 130.35, 130.29, 129.62, 127.48,
126.44, 123.74, 123.12 (d, J=3.0 Hz), 119.57, 116.13 (d,
J=21.5 Hz), 114.51 (d, J=23.0 Hz), 19.13; IR (KBr) v:
3061, 2913, 1595, 1547, 1490, 758 cm ™.

4-HI B2 (- T IE) IR (3g): 772 63%, JCOKHH
#ifA&. "H NMR (500 MHz, CDCl;) 6: 8.20 (d, J=8.5 Hz,
1H), 8.07 (t, J=8.0 Hz, 1H), 8.00 (d, J=8.5 Hz, 1H),
7.76~7.70 (m, 2 H), 7.56 (t, J=8.0 Hz, 1H), 7.42 (dd, J=
14.0, 9.0 Hz, 1H), 7.31 (t, J=7.5 Hz, 1H), 7.20 (dd, J=
11.0, 8.0 Hz, 1H), 2.74 (s, 3H); “C NMR (126 MHz,
CDCly) d: 160.72 (d, J=249.5 Hz), 153.84 (d, J=2.0 Hz),
148.12, 144.38, 131.55 (d, J=3.0 Hz), 130.73 (d, J=8.5
Hz), 130.27, 129.37, 128.15 (d, J=12.0 Hz), 127.30,
126.42, 124.72 (d, J=3.5 Hz), 123.71, 123.15 (d, J=17.5
Hz), 116.23 (d, J=23.0 Hz), 18.99; IR (KBr) v: 3061,
2922, 1590, 1547, 1494, 764 cm™'; HRMS calcd for
CyH3FN [M+H "] 238.0954, found 238.1025.

4- W HE-2-(4- R IR (3h): 7728 88%. B (AL
&, m.p. 73~74 C (Lit.*? 74~75 °C); '"H NMR (500
MHz, CDCl,) d: 8.16 (d, J=8.5 Hz, 1H), 8.12~8.07 (m,
2H), 7.99 (d, J=8.5 Hz, 1H), 7.73 (t, J=7.5 Hz, 1H), 7.67
(s, 1H), 7.56 (t, J=7.5 Hz, 1H), 7.48 (t, J=5.5 Hz, 2H),
2.76 (s, 3H); °C NMR (126 MHz, CDCls) d: 155.81,
148.10, 145.27, 138.24, 135.49, 130.29, 129.66, 129.07,
128.90, 127.39, 126.37, 123.78, 119.47, 19.21; IR (KBr) v:
3019, 2931, 1685, 1597, 1215, 749 cm ™.

4-FFE2-(4-BRZR L EIRR(3i): 723K 77%. B A,
m.p. 69~70 C (Lit.”? 68~69 “C); '"H NMR (500 MHz,

Chin. J. Org. Chem. 2020, 40, 156~161
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CDCly) o: 8.16 (d, J=8.5 Hz, 1H), 8.05~8.00 (m, 2H),
7.98 (d, J=8.5 Hz, 1H), 7.72 (dd, J=8.5, 7.0 Hz, 1H),
7.65~7.61 (m, 3H), 7.55 (dd, J=8.0, 7.0 Hz, 1H), 2.74 (s,
3H); *C NMR (126 MHz, CDCly) d: 155.76, 148.07,
145.22, 138.63, 131.97, 130.27, 129.62, 129.13, 127.37,
126.35, 123.86, 123.75, 119.34, 19.16; IR (KBr) v: 3019,
1685, 1597, 1215, 757 cm ™.

2,4- TR BEWEIR(3)): P 85%, VR T (EURG B k.
'H NMR (500 MHz, CDCl;) §: 8.34~8.30 (m, 2 H), 8.16
(d, J=8.5 Hz, 1H), 8.01 (s, 1H), 7.84 (d, J=8.0 Hz, 1H),
7.81~7.76 (m, 1H), 7.65~7.47 (m, 9H); >C NMR (126
MHz, CDCLy) 6: 156.95, 149.21, 148.86, 139.70, 138.43,
130.18, 129.63, 129.61, 129.42, 128.92, 128.67, 128.48,
127.66, 126.41, 125.81, 125.71, 119.45; IR (KBr) v: 3059,
2924, 2852, 1732, 1589, 1547, 1489, 1358, 1028, 768, 690
cm L

4-FFE 2 SR FE-6-JREIR(3K): 2% 90%, ¥k iE thfH
%, mp. 69~70 C (Lit*¥ 77~79 C); '"H NMR (500
MHz, CDCl;) d: 8.13 (dd, J=8.0, 1.5 Hz, 3H), 8.03 (d,
J=9.0 Hz, 1H), 7.77 (dd, J=9.0, 2.0 Hz, 1H), 7.71 (s,
1H), 7.53 (dd, J=11.5, 4.5 Hz, 2H), 7.47 (dd, J=11.5, 4.5
Hz, 1H), 2.71 (s, 3H); *C NMR (126 MHz, CDCl;) ¢:
157.47, 146.75, 144.15, 139.36, 132.86, 132.02, 129.61,
128.97, 128.58, 127.60, 126.24, 120.55, 120.13, 19.12; IR
(KBr) v: 2922, 1600, 1547, 1347, 788 cm ™.

4,7- " FR LD RFLEIR3D): A 89%, TothiE M
. "H NMR (600 MHz, CDCl;) J: 8.19~8.14 (m, 2H),
7.99 (d, J=1.8 Hz, 1H), 7.86 (d, J=8.4 Hz, 1H), 7.64 (s,
1H), 7.55~7.50 (m, 2H), 7.46 (ddd, J=6.6, 4.2, 1.2 Hz,
1H), 7.37 (d, J=8.4 Hz, 1H), 2.71 (d, J=1.2 Hz, 3H), 2.58
(s, 3H); >C NMR (126 MHz, CDCly) d: 157.13, 148.41,
144.68, 140.04, 139.64, 129.37, 129.18, 128.83, 128.31,
127.60, 125.35, 123.42, 119.16, 21.82, 19.06; IR (KBr) v:
3061 2917, 1590, 1557, 1452, 755 cm '; HRMS caled for
C17H,N [M+H"]234.1238, found 234.1280.

HBh#%L(Supporting Information) Fi & %=% 3a~
31 ARG VS B fe 3g AN 31 1 i o0 R vtk P I el mp
DL 9 MAS 1] 99 33k (http://sioc-Journal.cn/)_E %K.
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