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Synthesis of Functionalized Coumarino[4,3-d]pyrazolo[3,4-b]pyridine
Derivatives and Their Selective Recognition for Zn*"
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Abstract A series of functionalized coumarino[4,3-d]pyrazolo[3.,4-b]pyridine derivatives 3a~3h were synthesized by the
addition and cyclization of 3-acetoacetylcoumarin with S-aminopyrazole catalyzed by CuSO,4. Some of the synthesized com-
pounds had high fluorescence quantum yields. The properties of the compounds with cations such as Ag”, Cr*", Co*", Cu*",
Pb>", Sn*', Fe’" and Zn** were examined by fluorescence spectroscopy. The results showed that compounds 3a and 3b have
selective recognition for Zn?".
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Table 1 Synthesis of coumarino[4,3-d|pyrazolo[3.,4-b]pyridine
derivatives 3a~3h

Entry Product R' R> R’ R*

Time/h Yield/%

1 3a H H CH, CH, 4 76
2 3b CH,O H CH; CH; 10 75
3 3¢ H H CeHs CHs 24 64
4 3d H  Br C¢Hs CHs 24 62
5 3e H Br CHs CH; 15 72
6 3f H CH;O CHs CH; 10 70
7 3g H Cl CH; CHs 8 74
8 3h CHO H CH; CHs 18 65

BRAAE S BT 5 SCHR A 1L 7R CuClye2H,0
X2 AL R FF A RAR LT, 283 i e FRA T e 44 1
5E 20 mol% M JE /KB BRI AE % = ML AL 7, [RIAETR
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VTR R AT W B R, BT DATRATIAS 30 1 e 1 IR B 2%
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Scheme 1 Proposed reaction mechanism
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Figure 1 Fluorescent emission and UV-vis absorption spectra of copmounds 3a~3h (¢=5X10"° mol*L ") in ethanol
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Table 2 Luminescence and fluorescence quantum yields of compounds 3a~3h in ethanol

Compound Epax/(Lemol 'ecm ™) Amax(exy/NM Amax(em)/NM RFI® Dr°
9,10-Diphenylanthracene 1.9798 220.5 428.4 5585 0.660
3a 2.6777 196.0 435.0 6435 1.029
3b 2.7212 197.0 447.0 4726 0.768
3¢ 2.7447 198.0 477.0 3259 0.534
3d 2.6777 196.0 492.0 1002 0.160
3e 2.9208 198.0 492.0 193.7  0.034
3f 2.9586 195.0 465.0 197.1 0.035
3g 2.7958 197.0 475.0 2242 0.374
3h 2.7695 196.0 465.0 1208 0.200
“¢=5X10"" molsL". * Relative fluorescence intensity. ° Relative fluorescence quantum yield.
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Figure 2 Influence of some metal ions on the fluorescent of 3a
The concentration of 3a and metal ion are all 5X 10 ° molsL "' in EtOH
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Figure 3 Influence of some metal ions on the fluorescent of 3b
The concentration of 3b and metal ion are all 5X 10 > moleL "' in EtOH
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Figure 4 Influence of the concentration of zinc ions on the
fluorescence of 3a

The concentration of 3a is 5X 10 > moleL ' in EtOH
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Figure 5 Influence of the concentration of zinc ions on the

fluorescence of 3b
The concentration of 3b is 5X 10 ° moleL "' in EtOH
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Figure 6 Influence experiment of the metal ions on the fluores-
cence of zinc ions recognition on 3b
The concentration of 3b, Zn>" and Mn"" are 5X 10 ° molsL "' in EtOH
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J8 RO ASE A AL S RHMCH AR AR ) TXS &
Tk s A 5 (IR R AL IE); 20461 R A Varian
F-1000 ALZ0 AN ERESGI 52 (KBr JE ); REIEIREE R
MREILHRIIETE Agilent Inova-400MHz 5% Agilent Ino-
va-300 MHz BUZ W IEARACN 2, CDCL Ay, DY 2
feE ft (TMS) N N A5 5 1 20 7% B 3% £ Bruker MicrO-
TOF-QII Jiil#Hill e, RAHHm % B FIRESHEN; %
Hh=1] GG AE UV-2500PC B4 4] W4 S e i A -
SE; BEJGIETE Hitachi F-4500 585648 661 FllE;
ikl 3- 2 OB SR S H SR 175 E B B
FRGRIEE R o ali sl fb 2 4, {3 P AT R & 4lifL.

3.2 BEEH[4,3-dItMEFH[3,4-b]MLIELTEY) 3a~3h
B & RIBSE

£ 50 mL TR RRBEEF MmN 3-8k LW A
TE, 1 mmol). S5-ZFEMEME(2, 1 mmol). JC/KBRERH
(0.2 mmol) &% 10 mL ZEE. JPNIRAWITESEE N n#E
TN 4~24 h, 2O (TLORIM S B HERE. N 58
B, WD, JREARAERR LR, RIRYEATA R (R
JBAE, A vtk P P A b 7R 154 77 ) 3a~3h.

1,3- = H 3E-5-Q2- AR A 3 & 5 K IR [4,3-d) b e If
[3,4-b]MtHE-6(3H)-H(3a): M {4, m.p. 188~190 C;
'H NMR (400 MHz, CDCl3) 6: 831 (d, J=7.6 Hz, 1H,
ArH), 7.61 (t, J=7.2 Hz, 1H, ArH), 7.38 (d, J/=6.8 Hz,
2H, ArH), 4.58 (s, 2H, CH,), 4.12 (s, 3H, CH3), 2.86 (s,
3H, CH3), 2.43 (s, 3H, CH3); °C NMR (75 MHz, CDCl5)
5: 205.2, 160.5, 158.8, 152.5, 152.0, 142.6, 141.4, 132.8,
129.2,123.9, 116.8, 109.8, 107.8, 54.7, 34.0, 30.5, 19.3; IR
(KBr) v: 2921, 1719, 1616, 1544, 1458, 1384, 1260, 1024,
799, 760, 692 cm'; HRMS (ESI) caled for CisH;N;O;
[M+H]" 322.1192, found 322.1189.

8- A JE-1,3- “HES- Q- RN FERIT
[4,3-d]PHE M I [3,4-b]H E-6(3H)-BA(3b): [ L[E A, m.p.
196~199 °C; 'H NMR (400 MHz, CDCl3) 6: 7.87 (d, J=
8.0 Hz, 1H, ArH), 7.32 (t, J=8.0 Hz, 1H, ArH), 7.16 (d,
J=17.6 Hz, 1H, ArH), 4.59 (s, 2H, CH,), 4.13 (s, 3H, CH3),
3.99 (s, 3H, CH;0), 2.85 (s, 3H, CH3), 2.43 (s, 3H, CH3);
C NMR (75 MHz, CDCl3) d: 205.3, 160.2, 158.9, 147.9,
143.0, 142.5, 141.6, 123.6, 120.7, 120.3, 117.7, 114.6,
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109.8, 108.1, 56.6, 54.7, 34.1, 30.6, 19.3; IR (KBr) v:
2914, 1715, 1608, 1593, 1457, 1270, 1201, 1167 1059,
910, 767, 688 cm '; HRMS (ESI) calcd for CioH7N50,
351.1219, found 351.1212.

5-(2-F AR 2E)-1,3- R By & R 9 [4,3-d] L e I
[3,4-bMLHE-6(3H)-B(3¢): KA, m.p. 229~232 C;
'H NMR (400 MHz, CDCL3) d: 8.29 (d, J=8.0 Hz, 2H,
ArH), 7.55 (t, J=7.2 Hz, 4H, ArH), 7.50~7.39 (m, 5H,
ArH), 7.34 (d, J=7.6 Hz, 2H, ArH), 6.72 (t, J=8.0 Hz,
1H, ArH), 4.69 (s, 2H, CH,), 2.46 (s, 3H, CH3); *C NMR
(75 MHz, CDCl;) §: 205.2, 160.3, 159.7, 152.6, 151.7,
147.5, 142.4, 138.6, 1343, 132.9, 131.6, 129.7, 129.2,
128.8, 127.3, 123.2, 122.8, 116.9, 115.6, 111.3, 107.9,
54.9, 30.6; IR (KBr) v: 2834, 1735, 1593, 1554, 1438,
1384, 1356, 1236, 1027, 752, 691 cm™'; HRMS (ESI)
calcd for CysH 9N305 445.1426, found 445.1436.

10-V82-5-2- AR A FE)-1,3- K I 5 K IF[4,3-d]0t
W 3 [3,4-b] ML IE -6(3H)- R (3d): ¥ (4 [E 44, m.p. 200~
201 ‘C; 'H NMR (400 MHz, CDCl;) §: 8.27 (d, J=6.8
Hz, 2H, ArH), 7.56~7.51 (m, 9H, ArH), 7.41 (t, J=8.0
Hz, 1H, ArH), 7.21 (d, J=6.8 Hz, 1H, ArH), 4.69 (s, 2H,
CH,), 2.47 (s, 3H, CH;); *C NMR (75 MHz, CDCl;) ¢:
205.0, 151.6, 151.4, 147.4, 141.0, 138.5, 135.6, 134.5,
133.9, 129.9, 129.6, 129.3, 129.1, 127.5, 1229, 118.4,
117.2, 116.2, 111.3, 107.7, 54.9, 30.6; IR (KBr) v: 2976,
1729, 1550, 1498, 1381, 1256, 1112, 902, 758, 674 cm ';
HRMS (ESI) caled for C,gH;sBrN;O; 523.0532, found
523.0536.

10- 7R -1- F B -5-2- S AN 26 )-3- R B & & R OF
[4,3-d]MHL e 55 [3,4-b]MEIE -6(3H)- B (3e): 2K (0 [E A, m.p.
244~246 °C; 'H NMR (400 MHz, CDCl;) J: 8.51 (s, 1H,
ArH), 8.18 (d, J=7.6 Hz, 2H, ArH), 7.72 (d, J=8.8 Hz,
1H, ArH), 7.54 (t, J=7.6 Hz, 2H, ArH), 7.37 (t, J=17.6
Hz, 1H, ArH), 7.32 (d, J=8.8 Hz, 1H, ArH), 4.62 (s, 2H,
CH,), 2.97 (s, 3H, CHj), 2.43 (s, 3H, CH;); °C NMR (75
MHz, CDCl3) d: 205.0, 159.8, 159.4, 151.5, 142.9, 141.3,
138.5, 135.6, 131.8, 129.3, 127.2, 122.6, 119.3, 118.5,
116.7, 110.9, 109.6, 108.1, 54.9, 30.6, 19.4; IR (KBr) v:
2920, 1739, 1589, 1541, 1483, 1352, 1205, 1046, 828, 753,
689 cm '; HRMS (ESI) caled for C,3H;sBrN;O;Na [M+
Na]" 484.0273, found 484.0238.

10- F AR JE- 1 - F L -5-Q- AR N 58 -3- R B A 0 2 9F
[4,3-d]ML M [ 3,4-b] P BE -6(3 H)-HH (3f): % (21 [l 48, m.p.
218~220 °C; 'H NMR (400 MHz, CDCl;) : 8.19 (s, 2H,
ArH), 7.79~7.36 (m, 6H, ArH), 4.62 (s, 2H, CH,), 3.95 (s,

Chin. J. Org. Chem. 2017, 37, 2392~2398
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3H, CH;0), 3.00 (s, 3H, CHj), 2.43 (s, 3H, CH;); "°C
NMR (75 MHz, CDCly) 6: 205.2, 160.5, 159.5, 155.9,
146.9, 142.6, 138.6, 129.2, 127.0, 122.7, 122.5, 120.0,
118.6, 117.2, 113.0, 112.7, 56.3, 55.0, 30.6, 19.8; IR (KBr)
v: 3056, 1729, 1616, 1547, 1507, 1385, 1276, 1167, 1119,
872, 798, 755, 688 cm '; HRMS (ESI) caled for Co4Ho-
N304 413.1376, found 413.1366.

10- 50 -3- A 5L -5-2- A AR 28 )-1- R B & & R I
[4,3-d] MW 5 [3,4-b] L BE -6 (3 H) - (3g): K (5 & 44, m.p.
228~230 °‘C; '"H NMR (400 MHz, CDCl;) J: 7.43~7.42
(m, 4H, ArH), 7.32 (t, J=6.4 Hz, 1H, ArH), 7.21 (d, J=
6.4 Hz, 3H, ArH), 4.61 (s, 2H, CH,), 4.23 (s, 3H, CHj),
2.42 (s, 3H, CH;); *C NMR (75 MHz, CDCl;) : 205.2,
160.2, 159.3, 152.0, 150.9, 146.2, 141.1, 134.3, 132.6,
131.3, 129.6, 129.5, 129.1, 128.9, 118.1, 116.9, 110.5,
106.2, 54.9, 34.6, 30.6; IR (KBr) v: 2920, 1719, 1540,
1457, 1396, 1258, 1156, 1021, 816, 772, 707 cm ™ '; HRMS
(ESI) caled for Cy3H,4CIN;05 417.0880, found 417.0881.

8- FH AR Jk-3- F L -5-(2- S AN 3 )- 1- R B R OF
[4,3-d)MtE e FE[3,4-b L IE-6(3H)-Fi(3h): K [E 4K, m.p.
189~190 °C; '"H NMR (400 MHz, CDCl;) §: 7.47~7.37
(m, 5H, ArH), 6.97 (d, J=8.0 Hz, 1H, ArH), 6.90 (d, J=
8.0 Hz, 1H, ArH), 6.63 (t, J=8.0 Hz, 1H, ArH), 4.65 (s,
2H, CH,), 4.26 (s, 3H, CHj), 3.94 (s, 3H, CH;0), 2.46 (s,
3H, CHs); *C NMR (75 MHz, CDCl;) §: 205.3, 160.1,
159.3, 152.1, 147.3, 146.4, 142.7, 142.4, 134.7, 129.6,
128.9, 128.7, 122.9, 122.7, 116.6, 114.5, 110.5, 106.4,
56.5, 54.7, 34.5, 30.6; IR (KBr) v: 2929, 1718, 1565, 1538,
1482, 1464, 1361, 1278, 1199, 1119, 954, 771, 700 cm ™ ';
HRMS (ESI) caled for CpH sN;04 [M—H]" 412.1297,
found 412.1355.
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