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CuBr,-Catalyzed Three-Component Coupling for Synthesis of
Quinoline-2,4-dicarboxyl Derivatives
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Abstract A convenient and efficient method for synthesizing quinoline-2,4-dicarboxyl derivatives has been developed via a
simple one-pot reaction of aromatic amines, glyoxylic ester, and pyruvate using low-costing CuBr, as a catalyst. The method is
atom efficiency, and utilizes non-expensive catalysts and easily available reagents, which provides an attractive approach to
quinoline-2,4-dicarboxyl derivatives. This process has potential applications in the synthesis of biologically and medicinally

relevant compounds.
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Table 1 Initial exploration of the reaction of p-methoxyaniline,

ethyl glyoxylate and methyl pyruvate
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NH, o) Solvent
1a 2a
Os_O_
0 AN
N7 O
3a O
Entry Catalyst Solvent Yield®/%
1 None CH;CN 38
2 AgOTf CH;CN 70
3 AgNO; CH;CN 68
4 AgSbF¢ CH;CN 75
5 ZHIZ CH3CN 14
6 ZnBrz CH3CN 21

R Bk
Entry Catalyst Solvent Yield®/%
7 Zn(OTY), CH;CN 43
8 Cu(OTY), CH;CN 84
9 Cu(OOCCH;), CH;CN 15
10 FeCl;+6H,0 CH;CN 63
11 CuCl, CH;CN 80
12 CuBr, CH;CN 87
13 CuBr, DMSO 62
14 CuBr, Toluene 59
15 CuBr, Hexane 72
16 CuBr, DMF 75
17 CuBr,° CH;CN 99

“ Reaction conditions: p-methoxyaniline (1.5 mmol), ethyl glyoxylate (1.0
mmol) and methyl pyruvate (1.2 mmol) for 24~36 h at 80 C; ” Isolated
yield; € Under O,.
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Table 2 CuBr,-catalyzed tandem reaction of various aromatic amines, glyoxylic esters and pyruvate

o (6]
N
NH; H o]
1 (0]

CuBr, (10 mol%)

CH4CN, 80 °C, O,

“Cope @fi

3a (99%) b (96%)

(64%) (84%)

o OO OO
A 02N N /O AN
N O~ N O~ N O~
@) o) _0O o)
(88%) (45%) 3e (92%)

(96%)

i (98%) 3j (76%)

“ Reaction conditions: 1 (1.5 mmol), 2 (1.0 mmol) and pyruvate (1.2 mmol).
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32 FWHE

OX 1.5 mmol ZKJEZEUAEY) 1, 1.0 mmol ZIEREE 2
A1 1.2 mmol WEAEZEE, T 1.0 mL ZMSHARS A 10
mol% CuBr,. JRAWAE 80 CH/THME A N 24 h, R
JEVe I A, H TR, AW I8 S
2 "SRR, IRATHL, A - 2R SRR
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6- H 4 Ik -2- IR £, T8 3 -4- F R FY G - 145 bk (3a):
HE K. mp. 140~142 ‘C; '"H NMR (CDCls, 600
MHz) 5: 8.69 (s, 1H), 8.28 (d, J=2.4 Hz, 1H), 8.24 (d, J=
9.1 Hz, 1H), 7.47 (dd, J=9.1, 2.9 Hz, 1H), 4.56 (q, J=7.4
Hz, 2H), 4.05 (s, 3H), 4.00 (s, 3H), 1.49 (t, J=7.0 Hz,
3H); *C NMR (CDCl;, 150 MHz) o: 166.3, 165.0, 161.0,
145.2, 145.0, 133.2, 132.8, 128.3, 123.8, 123.1, 103.0,
62.3, 55.7, 52.7, 14.4; HRESIMS (positive ion) calcd for
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CsH;sNNaOs [M+Na]" 312.0842, found 312.0832.

6-5-2- F R L THR ik -4- IR PG i - 1R (3b): 9% 3
R, mp. 152~153 °C; 'H NMR (CDCl;, 600 MHz)
J: 8.91 (brs, 1H), 8.70 (s, 1H), 8.30 (d, J=8.8 Hz, 1H),
7.78 (dd, J=9.2, 1.9 Hz, 1H), 4.58 (q, J=7.0 Hz, 2H),
4.08 (s, 3H), 1.51 (t, J=7.0 Hz, 3H); *C NMR (CDCl,,
150 MHz) &: 165.6, 164.5, 148.0, 147.1, 136.9, 134.9,
132.7, 131.6, 126.8, 124.7, 123.2, 62.6, 53.0, 14.3; HRESI-
MS (positive ion) calcd for C;4H;,CINNaO, [M—l—Na]+
316.0347, found 316.0342.

2- W LR AE-4- R FH R Dk -6- HT DR -k (3e): R
W K. mp. 115~116 ‘C; 'H NMR (CDCl;, 600
MHz) §: 8.62 (s, 1H), 8.59 (s, 1H), 8.25 (d, J=8.8 Hz,
1H), 7.67 (dd, J=8.4, 1.9 Hz, 1H), 4.57 (q, J=7.3 Hz,
2H), 4.07 (s, 3H), 2.61 (s, 3H), 1.50 (t, J=7.0 Hz, 3H); "*C
NMR (CDCls, 150 MHz) 0: 166.3, 164.9, 147.4, 146.9,
141.0, 135.1, 132.8, 131.0, 131.6, 126.3, 124.3, 122.3,
62.4, 52.8, 14.4; HRESIMS (positive ion) calcd for
CysHsNNaO, [M+Na]" 296.0893, found 296.0900.

6- i I -2- F PR £ I Ik -4- Y R P G - s bk (3d): ¥k
FAOR K. mop. 252~253 °C; '"H NMR (CDCl;, 600
MHz) §: 9.87 (d, J=2.5 Hz, 1H), 8.80 (s, 1H), 8.59 (dd,
J=9.1, 2.5 Hz, 1H), 8.50 (d, J=9.5 Hz, 1H), 4.61 (q, J=
7.3 Hz, 2H), 4.14 (s, 3H), 1.53 (t, J=7.3 Hz, 3H); "*C
NMR (CDCLs, 150 MHz) d: 165.0, 164.0, 151.2, 150.3,
147.9, 137.7, 133.0, 130.2, 126.5, 125.3, 123.9, 123.9,
122.6, 63.0, 53.4, 14.3; HRESIMS (positive ion) calcd for
C14;H,N,NaOg [M+Na]*, 327.0588, found 327.0576.

6,8~ H A8 3 -2- HH R £ TG 2 -4- 1R FHY I 25 — s Ik
(3e): MEEOHR. mp. 148~150 C; 'H NMR (CDCl,,
600 MHz) d: 8.72 (s, 1H), 7.87 (d, J=2.6 Hz, 1H), 6.77 (d,
J=2.6 Hz, 1H), 4.53 (q, J=17.3 Hz, 2H), 4.06 (s, 3H), 4.04
(s, 3H), 3.99 (s, 3H), 1.50 (t, J=7.3 Hz, 3H); *C NMR
(CDCls, 150 MHz) 0: 166.4, 165.1, 162.0, 157.2, 143.5,
138.0, 133.0, 129.3, 123.9, 102.1, 95.1, 62.3, 56.2, 55.7,
52.7, 14.3; HRESIMS (positive ion) calcd for C;¢H;7N-
NaOg[M+Na]" 342.0926, found 342.0940.

4- P i P RS -2- DR R B B — s b (31): ¥k i € B K.
m.p. 138~139 ‘C; '"H NMR (CDCls, 600 MHz) 6: 8.69 (s,
1H), 8.32 (d, J=2.2 Hz, 1H), 8.24 (d, J=7.7 Hz, 2H), 8.11
(d, J=9.2 Hz, 1H), 7.62 (t, J=7.3 Hz, 1H), 7.51 (t, J=7.7
Hz, 2H), 7.45 (dd, J=9.2, 2.6 Hz, 1H), 4.05 (s, 3H), 4.01
(s, 3H); *C NMR (CDCls, 150 MHz) &: 192.8, 166.4,
161.0, 151.4, 144.1, 136.2, 133.2, 132.9, 132.6, 132.6,
128.0, 128.0, 123.5, 123.0, 103.3, 55.8, 52.6; HRESIMS
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(positive ion) calcd for C;gH;(NOy [M—f—H]+ 322.1074,
found 322.1073.

6- FF AR -2 - FF R 46 i G ik -4- F 2 Y P - IR (3g):
[ 44, mp. 139~141 ‘C; 'H NMR (CDCls, 600
MHz) J: 8.63 (s, 1H), 8.25 (d, J=9.0 Hz, 2H), 7.45 (dd,
J=9.2, 2.6 Hz, 1H), 5.11 (dt, J=10.8, 4.4 Hz, 1H), 4.06
(s, 3H), 4.00 (s, 3H), 1.17~2.21 (m, 9H), 0.97 (d, J=17.5
Hz, 3H), 0.95 (d, J=7.2 Hz, 3H), 0.81 (d, J=7.0 Hz, 3H);
C NMR (CDCl;, 150 MHz) J: 166.4, 164.4, 160.9, 145.4,
133.1, 128.2, 123.6, 122.9, 102.9, 76.2, 55.7, 52.7, 47.0,
40.8, 35.4, 34.3, 31.5, 26.5, 23.7, 22.0, 20.7, 16.5;
HRESIMS (positive ion) caled for C3H,oNNaOs [M—+
Na]" 422.1938, found 422.1923.

6-5-2- F 12 4y 1 5 -4- P IR R I S5 - E Bk (3h): 1
4K, mp. 157~159 ‘C; '"H NMR (CDCls, 600 MHz)
J: 8.88 (s, 1H), 8.64 (s, 1H), 8.31 (d, J=9.2 Hz, 2H), 7.76
(dd, J=9.2, 1.4 Hz, 1H), 5.12 (dt, J=10.9, 4.4 Hz, 1H),
4.09 (s, 3H), 1.14~2.22 (m, 9H), 0.96 (d, J=6.6 Hz, 3H),
0.95 (d, J=7.0 Hz, 3H), 0.84 (d, J=6.6 Hz, 3H); "°C
NMR (CDCls, 150 MHz) 0: 166.4, 164.4, 160.9, 145.4,
133.1, 128.2, 123.6, 122.9, 102.9, 76.2, 55.7, 52.7, 47.0,
40.8, 35.4, 343, 31.5, 265, 23.7, 22.0, 20.7, 16.5;
HRESIMS (positive ion) caled for Cy3Hy9NaOy [M—i—Na]+
406.1989, found 406.1999.

2~ F PR e Ay P -4 - P IR P R - 6~ FHY - WA R (3 :
M i 44, mp. 130~131 ‘C; '"H NMR (CDCl;, 600
MHz) 6: 8.57 (s, 1H), 8.56 (br s, 1H), 8.26 (d, J=9.0 Hz,
2H), 7.65 (d, J=9.0 Hz, 1H), 5.11 (dt, J=10.8, 4.4 Hz,
1H), 4.06 (s, 3H), 2.60 (s, 3H), 1.14~2.21 (m, 9H), 0.97
(d, J=8.1 Hz, 3H), 0.95 (d, J=7.8 Hz, 3H), 0.84 (d, J=
7.0 Hz, 3H); °*C NMR (CDCl, 150 MHz) J: 165.7, 163.9,
148.4, 147.2, 136.7, 134.8, 132.8, 131.4, 126.7, 124.6,
123.1, 76.5, 53.0, 47.0, 40.8, 34.2, 31.5, 26.5, 23.6, 22.0,
20.9, 16.5; HRESIMS (positive ion) caled for C,H,4Cl-
NNaO, [M+Na]" 426.1443, found 426.1437.

2,4- " HR L WRHE-6- -k (3)): 28 A 44 mup.
107~108 °C; 'H NMR (CDCls, 400 MHz) J: 8.61 (s, 1H),
8.59 (br s, 1H), 8.25 (d, J=8.8 Hz, 1H), 7.66 (dd, J=8.8,
1.7 Hz, 1H), 4.57 (q, J=7.2 Hz, 2H), 4.53 (q, J=7.2 Hz,
2H), 2.61 (s, 3H), 1.50 (t, J=7.0 Hz, 3H); 1.49 (t, J=7.0
Hz, 3H); C NMR (CDCl;, 100 MHz) J: 165.9, 165.0,
147.4, 146.9, 140.9, 135.6, 132.8, 131.0, 126.3, 124.3,
122.2, 62.4, 62.0, 22.4, 14.4, 14.3; HRESIMS (positive
ion) caled for C;¢H;gNO, [M + H] " 288.1187, found
288.1181.
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6- FHAH k-2, 4- — FH RS-k (4): ¥R (i 4. mup.
227~229 C; 'H NMR (CDCls, 400 MHz) 6: 8.49 (s, 1H),
8.26 (d, J=3.0 Hz, 1H), 8.15 (d, J=9.2 Hz, 1H), 7.56 (dd,
J=3.0, 9.2 Hz, 1H), 3.91 (s, 3H); °C NMR (CDCls, 100
MHz) &: 168.5, 167.3, 161.4, 147.2, 145.6, 136.0, 133.5,
128.7, 124.5, 123.6, 105.0, 57.3; HRESIMS (positive ion)
caled for Cj,H,;oNOs [M-+H]" 248.0555, found 248.0551.
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