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Synthesis of 1,4-Dihydropyridine Compounds Catalyzed by
Humic Acid

Wei, Zhenzhong Li, Jiangfei Wang, Zeyun Li, Pinhua Wang, Yongqiu™
(Department of Chemistry and Materials Science, Huaibei Normal University, Huaibei 235000)

Abstract A novel, efficient and straightforward method to synthesize 1,4-dihydropyridine compounds with excellent yields
is reported through Hantzsch reaction of aldehydes, ammonium acetate and ethyl acetoacetate or methyl acetoacetate using
humic acid as the catalyst. This method has high yield and less pollution. The catalyst is easy to recycle and environment

friendly.
Keywords humic acid; catalysis; 1,4-dihydropyridine
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Table 1 Effect of catalyst dosage on yield

R H&/g 7%
1 0.02 85
2 0.06 90
3 0.08 93
4 0.10 95
5 0.12 94.5
6 0.15 95

“1.0 mmol 4-FEIEA FFEE, 2.1 mmol ZFE 2K ZHE, 2.0 mmol BEERS%, 10
mL95%Z B, [El¥f 4.0 h.

R2 IRV ¢

Table 2 Effect of solvent on reaction

Fe o A Time/h 7= /%
1 CH;CN 4.0 88
2 CH,Cl, 8.0 20
3 CHCl, 8.0 35
4 THF 4.0 93
5 CH;O0H 5.0 84
6 C,HsOH 4.0 90
7 95% C,Hs0H 4.0 95
8 V(C,HsOH) : V(H,0)=1 : 1 45 93
9 V(C,HsOH) : V(H,0)=4: 1 4.0 95
10  H,0 8.0 40

1.0 mmol 4-F14JE % %, 2.1 mmol LMt 272 2., 2.0 mmol FHEREL, 0.1
g JRFERE, [l

R 1 ATLVE H, fEIR s ) 0.10 g LA EJS
XFEREEMANK, R F AR Oy 0.10 g H
R2ATUE W, 287, WK VYRR 99 75 o) B
B, EIAARIET, FATD AR I 1
OUHAT SRS, RARSEIGEERINER 3. W 5 RmEliE
FHSCHG R, S SRR AR AL RIS AR IF R B B, P

R3 AT EE SR
Table 3 Results of catalyst recycle applied

TEARE 0 1 2 3 4 5
PR, 95 955 955 945 95 94.5

“ 1.0 mmol 4-FAEIEHFEE, 2.1 mmol ZBEZIRZEE, 0.1 g JEHHIR, 2.0
mmol B, 10 mL 95%ZB%, A3 4 h.
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Figure 2 PXRD patterns of humic caid
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Figure 3 Tem patterns of humic caid
(a) After the catalytic reaction; (b) As-prepared

BEANEATR B AL B EATTROR 10 fESEIRGR 4).
UK SR B 5 42 ), AV IR IRE ad vg, Ve,
B, g IR 4, UL @ UK)=
3D 1ES AR HARMLEY.

2 i

ASCREEFERR T A HL A R L. 508 TR 5H
MRIEILIE . 13- IRBAL WM LI G 1,4- 0t
WESRALEW). TTEBRIE TR R R AT AL
FRAT 245 e B, O 14- St R & &
JE SRR T AR LRI T

Chin. J. Org. Chem. 2017, 37, 1835~1838



Chinese Journal of Organic Chemistry

R4 JEEBMELA R 1L4- 255 ¢
Table 4 Humic acid catalyzed synthesis of 1,4-dihydropyridines

| 2 . e m.p./C
Entry R R Time/h Yield/% Actual Reference
3a OC,H; 4-CH;0CgH, 4.0 95 158~159 157~159H1
3b OC,H; 4-0,NCgH, 5.5 94 128~129 129~130H%
3¢ OC,H; 4-CH;C¢H,4 45 95 137~139 138~1411%
3d OC,H; 4-BrCgH, 4.0 97 160~161 158~1601"
3e OC,H; 2,4-(CI),C¢Hs 5.0 95 147~149 148~1501%
3f OC,H; (CH;),NC4¢H,4 45 94 195~196 198~199t%
3g OC,H; 4-HO-3-CH;CgH;, 45 93 144~146 145~148H%
3h OCH; 4-CH;0CgH, 3.5 9 183~185 185~188M%
3i OCH; 4-0,NCgH, 5.0 95 168~169 174~1771%
3j OCH;, 4-CH;C¢H,4 45 96 176~177 177~180"
3k OCH; 4-BrCgH, 3.5 98 200~201 201~202"
3l OCH; 2,4-(C1),CeHs 45 9 188~190 189~192H1

NOTE

“ Amplification experiment: 3a, time 5.5 h, yield 96.5%; 3d, time: 5.5 h, yield 98.5%; 3k, time: 5.0 h, yield 98.5%; 31, time: 5.5 h, yield 97%.

3 X
3.1 UES5HF

WRS-1 B AE s A R TR AR IE); ZF-11 24 PUH
2 N2 23 BT X (TLC); BRUKER D8 ADVANCE %! X 54k
RS EHE R B 58 40 kV. 40 mA, 1=0.15418
nm, FARETERE 20=10°~80°); 300 kV &7 #H%E 5 1
YUY (Tecnai, fif % FEI 2 7); Bruker & H3L4RA(TMS
IR, 400 MHz); IR b i, FEa gt
TRIHL T, HA R =90%.

32 ZWHE
32,1 14-Z A (3a)b AP %

W 4-FAR L ZE FII(0.136 g,1 mmol). .k 2./ 2. g
(0.275 g, 2.1 mmol). BERZ%4(0.154 g, 2 mmol). &5 R
1£7710(0.1 g)F1 10 mL 95%F ZEE I 25 mL B R B,
IR, R @S (TCL) IR N HERE, 4 h J5 N 45
W, R A I8, MEALRIH Qg M R
FIF. JEMA TG, RO 15 mL LFR LBV 7,
S TR OB, ToKEREREN T HhUE. A, AR
ZREEN VA MEL) @ ULER LB =10 : 115 5153
HArL &Y 3a.

2,6~ H J-4-(4- H A8 L DRk )-3,5- = 4 S| Ok -1,4-
T A MEE3a): '"H NMR (400 MHz, CDCl3) d: 7.20~6.75
(m, 4H, C¢Hy), 5.79 (s, 1H, NH), 4.94 (s, 1H, CH), 4.10 (q,
J=7.1 Hz, 4H, 2XCH,), 3.76 (s, 3H, CH3), 2.32 (s, 6H,
2XCHj), 1.23 (t, J=7.1 Hz, 6H, 2 X CHs); >*C NMR (100
MHz, CDCl3) d: 167.60, 143.50, 140.23, 128.82, 113.07,
104.22, 59.56, 55.01, 38.63, 19.39, 14.15.

2,6- T FBE-4-(4-fH L 0K IE)-3,5- T LS kB - 1,4-
ZMEIEBb): 'TH NMR (400 MHz, CDCly) o: 8.17~7.39
(m, 4H, CgHy), 5.69 (s, 1H, NH), 5.10 (s, 1H, CH), 4.10 (q,
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J=7.1 Hz, 4H, 2XCH,), 2.37 (s, 6H, 2XCHj3), 1.23 (,
J=17.1 Hz, 6H, 2 X CH,); *C NMR (100 MHz, CDCl;) §:
166.99, 144.47, 128.87, 123.26, 103.28, 59.97, 40.14,
19.66, 14.24.

2,6- W F-4-(4-H FE DR E)-3,5- . 2 S| Bk gk -1,4-
SMEEGe): '"H NMR (400 MHz, CDCl3) d: 7.18~7.02
(m, 4H, C¢Hy), 5.63 (s, 1H, NH), 4.97 (s, 1H, CH), 4.10 (q,
J=17.0, 4H, 2X CH,), 2.33 (s, 6H, 2X CHj3), 2.28 (s, 3H,
CH,), 1.24 (t, J=7.0 Hz, 6H, 2XCHs); “C NMR (100
MHz, CDCLy) 0: 167.96, 144.41, 144.01, 135.50, 128.63,
127.34, 103.86, 50.82, 38.69, 20.90, 19.40.

2,6- R 4-(4-1RKH)-3 5- LA -1 ,4- A
MtuE3d): "H NMR (400 MHz, CDCl3) d: 7.42~7.07 (m,
4H, C¢Hy), 5.61 (s, 1H, NH), 4.96 (s, 1H, CH), 4.10 (q, J=
7.1, 3.9 Hz, 4H, 2XCH,), 2.34 (s, 6H, 2X CH3), 1.23 (t,
J=17.1 Hz, 6H, 2X CH3); *C NMR (100 MHz, CDCl;) :
167.33, 146.78, 143.86, 130.87, 129.81, 103.88, 59.80,
39.34, 19.60, 14.24.

2,6- T HIRE-4-(2,4- EIKIE)-3,5- " LA HRIE-1 4-
A MEE3e): 'H NMR (400 MHz, CDCl3) d: 7.37~7.10
(m, 3H, C¢Hy), 5.85 (s, 1H, NH), 5.35 (s, 1H, CH), 4.08 (q,
J=6.4 Hz, 4H, 2XCH,), 2.29 (s, 6H, 2XCH3), 1.21 (t,
J=6.4 Hz, 6H, 2X CHs); “C NMR (100 MHz, CDCl;) o:
167.32, 144.16, 144.02, 133.07, 132.39, 131.97, 128.76,
126.87, 103.34, 59.72, 37.26, 19.40, 14.20.

2,6- — H 3L -4-(4-N,N- — H B R K FE)-3,5- — 5
PrFk-1,4- A MIEB): '"H NMR (400 MHz, CDCL3) o:
7.25~6.54 (m, 4H, C¢H,), 5.54 (s, 1H, NH), 4.90 (s, 1H,
CH), 4.10 (g, J=7.2 Hz, 4H, 2XCH,), 2.90 (s, 6H,
2XCHs), 2.33 (s, 6H, 2XCH3), 1.25 (t, J=7.2 Hz, 6H,
2 X CH3); *C NMR (100 MHz, CDCl;) 6: 167.61, 146.58,
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BIHE

143.19, 131.12, 128.55, 124.33, 100.06, 59.49, 38.16,
18.87, 14.15.

2,6-  HI B 4-(3-H R -4-FR K HE)-3,5- T LA R 3L -
1,4- & MEmE(3g): 'H NMR (400 MHz, CDCl;) 6: 6.86~
6.75 (m, 3H, C¢Hs), 5.66 (s, 1H, NH), 5.48 (s, 1H, CH),
4.94 (s, 1H), 4.12 (q, J=7.1 Hz, 4H, 2 X CH,), 3.84 (s, 3H,
CH;), 2.33 (s, 6H, 2XCH;), 125 (t, J=7.1 Hz, 6H,
2X CH;); *C NMR (100 MHz, CDCl3) 0: 167.56, 145.71,
143.81, 143.33, 120.38, 113.74, 110.84, 104.26, 59.55,
55.66, 39.05, 19.45, 14.20.

2,6- — F B -4-(4- AR B DR BR)-3,5- AU Bl k- 1,4-
T A MEIE3h): 'H NMR (400 MHz, CDCl3) 0: 7.24~6.70
(m, 4H, C¢H,), 5.84 (s, 1H, NH), 4.95 (s, 1H, CH), 3.76 (s,
3H, CHs,), 3.65 (s, 6H, 2 X CHy), 2.32 (s, 6H, 2 X CH;); °C
NMR (100 MHz, CDCly) 6: 168.00, 157.84, 143.86,
139.84, 128.46, 113.28, 103.96, 55.01, 50.83, 38.32, 19.38.

2,6- — F B -4-(4- T B Ok 0k )-3,5- — FH A B ik -1,4-—
ZUEnE(3i): "H NMR (400 MHz, CDCl;) 6: 8.17~7.37 (m,
4H, C¢H,), 5.86 (s, 1H, NH), 5.11 (s, 1H, CH), 3.65 (s, 6H,
2XCHs), 2.36 (s, 6H, 2XCHs); *C NMR (100 MHz,
CDCLy) 0: 167.43, 154.73, 146.41, 144.88, 128.57, 123.43,
102.99, 51.12, 39.86, 19.60.

2,6- — F B -4-(4- W BL Ok 0E)-3,5- — A Bk -1,4-—
ZUMEIE3)): '"H NMR (400 MHz, CDCls) 6: 7.16~7.03
(m, 4H, C¢H,), 5.81 (s, 1H, NH), 4.98 (s, 1H, CH), 3.66 (s,
6H, 2 X CHy), 2.33 (s, 6H, 2 X CH3), 2.29 (s, 3H, CH3); 1°C
NMR (100 MHz, CDCly) 6: 167.96, 144.41, 143.99,
135.50, 128.64, 127.35, 103.88, 50.81, 38.70, 20.89, 19.40.

2,6- HI B 4-(4- IR FEFHE)-3,5- T H A BIE-1,4- A
E(3k): 'H NMR (400 MHz, CDCl3) d: 7.39~7.15 (m,
4H, C¢Hy), 5.72 (s, 1H, NH), 4.97 (s, 1H, CH), 3.65 (s, 6H,
2XCHs), 2.34 (s, 6H, 2XCHs); *C NMR (100 MHz,
CDCLy) 0: 167.77, 146.46, 144.25, 131.06, 129.47, 119.97,
103.60, 51.01, 39.04, 19.57.

2,6- —HJE-4-(2,4- —FUREE)-3,5- WS B Ak 1 ,4-
T AMERE3D: "H NMR (400 MHz, CDCls) 6: 7.36~7.11
(m, 3H, C¢Hy), 5.79 (s, 1H, NH), 5.36 (s, 1H, CH), 3.61 (s,
6H, 2 X CH3), 2.31 (s, 6H, 2 X CH3); *C NMR (100 MHz,
CDCly) J: 167.63, 144.45, 144.14, 133.03, 131.99, 131.97,
128.78, 127.09, 103.44, 50.72, 36.96, 19.27.
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i B4kl (Supporting Information) {£&41( 'H NMR
A BPC NMR B &3 b RL AT DL G 2 A I ) 3
(http://sioc-journal.cn/)_E T %K.
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