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Synthesis and Photophysics of Novel Zn Metal Complexes Based on
2-Substituted-8-hydroxyquinoline with Nitrobenzene Groups

Huo, Yanping™ Dai, Lili Huang, Baohua Zhang, Kun Fang, Yanxiong Liu, Jun
(Faculty of Light Industry and Chemical Engineering, Guangdong University of Technology, Guangzhou 510006)

Abstract Three 8-hydroxyquinoline derivatives (£)-2-[2-(2-nitrophenyl)vinyl]-8-hydroxyquinoline (4a), (E)-2-[2-(3-ni-
trophenyl)vinyl]-8-hydroxyquinoline (4b), (£)-2-[2-(4-nitrophenyl)vinyl]-8-hydroxyquinoline (4¢) and their zinc complexes
5a~S5c have been synthesized and identified by 'H NMR, FFIR, MS techniques and elemental analyses. The aggregation be-
havior of Zn(OAc), and the ligands 4a~4c in solution was investigated by UV-vis. The luminescence properties of com-
pounds Sa~Sc were investigated by fluorescence spectra in solid and DMF solution at room temperature. The results showed
that the A, of compounds Sa~5¢ were 596, 625 and 592 nm in solid, and were 562, 536 and 618 nm in DMF solution. The
comparative study of the luminescent properties of Sa~5¢ showed that the emission A,,, can be tuned by introducing nitro

groups at different positions of benzene.

Keywords 8-hydroxyquinoline; nitrobenzene; zinc complex; fluorescence
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Fedbkl, ARTAERIFHAR (AL 6 =P[R B A FEEAR
(RIS P AN 2- FBE-8- 2 JE WA IR S N, ) 8-J2 s b B4
12 REEEAT SR, A R RS E AN 3 AMAC
AU SRR AR T 3 N E B RS S, TEE
FUT AR ] XA ZEA B &R B A ROE I K 1 52
Wi, 75 Rk 26 WL Scheme 1.

CHO CHg

/< 7\ _
= Ac,O —
_ N C2 NN
A /. \ Y

OH OCOCH; R

1a~1c
2 3a~3c

H,O/pyridine 7 \ — Zn(OAc),2H,0

5a~ 5¢
a, R=0-NO,; b, R = m-NO,; ¢, R = p-NO,

Scheme 1

1 XIS
1.1 RS EHF

P K XT-4 W H W B 8 s UV R
TU-1901 X3 R 24 ml WL 23 S e b IR R H
NICOLET 380 {# HLIH-AZ 4T 434, "H NMR R 4
[ -Ff 1) DRX-400 MHz #ZHEILHRIL, TMS SA4ME,
CDCl; H# 7, TG 1K Perkin-Elmer 2400 JG %4
HH; MS %] FINNIGAN Trace DSQ “SAH (43— i A%
(HFHEFE); 9645 ) Fluoromax-4; TGA (Thremo
Gravimetric Analyzer)>R FH 7 [l fif 5 /¥) STA409P #4743
B, 8-FR 3w mine W 11 H A AR st R A 7], 4B
()L XHRSSEAC I T g s Ak R A R, Hek
K T A A Ak,
1.2 k&% 3a~3c &M

FREX 8-FRFEARmE 1.21 g (7.6 mmol). AlAHFE A4
B 1.126 g (7.4 mmol)fl 10 mL ZFREF, IAZF] 100 mL
(B . BRIy, L 145~148 C, ERAMR
PRI 11 h, B RN IIEET, N 5
TR, BB i, OV I VE SR, A [ AT
. [ 100 mL ZKdhgESe s =k, B85435 1.70
g HE 10k AR B 444K & W (E)-2-[2-(2- fiff B A AR ) & 4
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JE)-8- L ERAAIEEMR(3a), 77 62%. m.p. 160~161 C;
'H NMR (CDCl;, 300 MHz) §: 8.23 (d, J=15.9 Hz, 1H),
8.19 (d, J=8.4 Hz, 1H), 7.99 (d, J=8.4 Hz, 1H), 7.90 (d,
J=17.5 Hz, 1H), 7.68~7.60 (m, 2H), 7.66 (d, J/=8.4 Hz,
1H), 7.52 (d, J=7.5 Hz, 1H), 7.50 (d, J=7.5 Hz, 1H),
7.48~7.40 (m, 2H), 2.59 (s, 3H); IR (KBr) v: 3067, 1723,
1577, 1520, 1457, 1175, 1128, 970, 850, 765, 708 cm ';
ESI-MS m/z: 3359 (M + H] "). Anal. caled for
CioHuN,O4: C 68.26, H 4.22, N 8.38; found C 68.10, H
4.42,N 8.46.

(E)-2-[2-(3-fiF LRI ) 0 -8~ L AR L 0k (3 b)
P57 3a AR, TUAET- e 20 Ok AR [ 44
&Y, 7% 61.4%. mp. 166~167 C; 'H NMR
(CDClLs, 400 MHz) o: 8.45 (s, 1H), 8.17 (d, J=8.8 Hz,
1H), 8.16 (d, J=8.8 Hz, 1H), 7.89 (d, /=8.0 Hz, 1H), 7.70
(d, J=16.0 Hz, 1H), 7.69 (d, J=8.0 Hz, 1H), 7.64 (d, J=
7.8 Hz, 1H), 7.57 (t, J=8.0 Hz, 1H), 7.51 (t, J=7.8 Hz,
1H), 7.45 (d, J=7.8 Hz, 1H), 7.44 (d, J=15.6 Hz, 1H),
2.59 (s, 3H), 2.59 (s, 3H); IR (KBr) v: 3063, 1733, 1580,
1527, 1453, 1180, 1117, 960, 870, 760, 703 cm™'; EI-MS
m/z: 335.43 [(M+1)"], 246.66 (M—89)". Anal. calcd for
CioH1uN,O4: C 68.26, H 4.22, N 8.38; found C 68.35, H
4.32, N 8.49.

(E)-2-[2-(4-fiF I ) 297 5L 1-8- £ T 48 s bk ()
M 775 3a AHIE], B8R SR ok AR [ 44
&Y, 77% 73.9%. m.p. 163 ‘C; 'H NMR (CDCl;, 400
MHz) J: 8.29~8.24 (m, 2H), 8.19 (d, J=8.4 Hz, 1H),
7.79~7.73 (m, 3H), 7.67 (d, J=8.4 Hz, 1H), 7.53 (d, J=
15.6 Hz, 1H), 7.46 (d, J=7.2 Hz, 1H), 2.58 (s, 3H); IR
(KBr) v: 3061, 1723, 1567, 1527, 1448, 1177, 1123, 958,
867,757,709 cm™'; EI-MS m/z: 335.41 [M+1)"], 256.48
(M—79)+. Anal. caled for CoH4N,O,4: C 68.26, H 4.22,
N 8.38; found C 68.15, H 4.52, N 8.63.

1.3 &4 da~4c HIE R

FREL1.00 g (3.0 mmol)fk 754 3a, 10 mL MEIE i A\ 2]
100 mL [BFJEFEH, HiHEmHA, Vil B4R r 132~
135 °C. 30 min Jii, MO 5 mL K3 NS0T, TN
], SV VEIR LG, AR A R8Il 3 h
Jo, IR RN, I K 20 mL. SCE A AT R A,
100 mL /KHlESEG =R, B4 2R Ok AR 1L
B W(E)-2-[2-(2-HFE TR IE) 2 F61-8-F FE bk (4a) 0.74
g, 7% 83.9%. m.p. 170 'C; '"H NMR (CDCl;, 300 MHz)
0: 8.34 (d, J=8.7 Hz, 1H), 829 (d, J=10.4 Hz, 1H),
8.03~7.96 (m, 2H), 7.83 (d, J=8.7 Hz, 1H), 7.78 (d, J=
8.1 Hz, 1H), 7.62 (t, J=8.1 Hz, 1H), 7.48 (d, J=15.6 Hz,
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1H), 7.46 (d, J=15.6 Hz, 1H), 7.39 (d, J=8.4 Hz, 1H),
7.12 (d, J=17.2 Hz, 1H); IR (KBr) v: 3466, 1610, 589,
1579, 874, 759 cm™'; ESI-MS m/z: 293.42 [(M+1)"].
Anal. calcd for C;H;2N,03: C 69.86, H 4.14, N 9.58;
found C 69.72, H 4.22, N 9.63.

(E)-2-[2-(3-FHHE L) LM 1-8-F T W IHK (4b) 14 1)
#/IEY 4a M, BB O ACRERL S, %
70.6%. m.p. 175 C; "H NMR (CDCl;, 400 MHz) J: 8.49
(t, /=7.8 Hz, 1H), 8.18 (dd, /=10.4, 1.4 Hz, 1H), 8.17 (d,
J=8.4 Hz, 1H), 7.93 (d, /=8.0 Hz, 1H), 7.77 (d, J=16.0
Hz, 1H), 7.65 (d, J=8.4 Hz, 1H), 7.59 (t, J/=8.0 Hz, 1H),
7.46 (d, J=16 Hz, 1H), 7.44 (t, J/=8.0 Hz, 1H), 7.33 (dd,
J=8.4, 1.2 Hz, 1H), 7.19 (dd, J=7.8, 1.2 Hz, 1H); IR
(KBr) v: 3462, 1641, 1583, 1569, 871, 769 cm '; EI-MS
m/z: 293.47 [M~+1)"], 246.66 (M—47)". Anal. calcd for
Cy7H1,N,05: C 69.86, H 4.14, N 9.58; found C 69.63, H
4.32,N 9.74.

(E)-2-[2-(4-THFE IR T ) LI 5 ]-8- 2 FE M Wbk (de) 1 1)
I da ], 13 2R S OO ACIR IS AL S, 7%
74.3%. m.p. 200 ‘C; 'H NMR (CDCl;, 400 MHz) o:
8.28~8.20 (m, 2H), 8.18 (d, J=8.4 Hz, 1H), 7.77 (d, J=
15.6 Hz, 1H), 7.76~7.70 (m, 2H), 7.66 (d, J=7.8 Hz,
1H), 7.48 (d, J/=15.6 Hz, 1H), 7.44 (d, J=7.8 Hz, 1H),
7.33 (d, J/=8.4 Hz, 1H), 7.20 (d, J/=7.8 Hz, 1H); IR (KBr)
v: 3460, 1610, 1577, 1568, 868, 761 cm™'; EI-MS m/z:
29352 [M+1)"], 246.64 (M—47)". Anal. calcd for
C7H1,N,05: C 69.86, H 4.14, N 9.58; found C 69.92, H
4.08, N 9.77.

14 &% 5a~5c BIE R

FRIEX 0.146 g (0.5 mmol) It &%) 4a, W HL 15 mL
FEAE] 100 mL Gelf, HEFEaif. O PRI IR B ] 14
0.12 g (0.55 mmol)IAA/IMEM ] 15 mL /K%, FHig
WO = F 20N NI, SN A . B 24
h Jafs ik, SEE e, FKFIFELS 100 mL ek —iX.
FL TR A 30 5 (O AR A AL S ) (E)-2-[2-(2- 2R
) LI HE)-8-F2 FE IR Y (5a) 0.130 g, 7% 80.2%. 'H
NMR (DMSO-d,, 400 MHz) J: 8.62 (d, J=16.8 Hz, 1H),
8.43 (d, J=8.4 Hz, 1H), 8.20 (d, J=8.0 Hz, 1H), 8.12 (d,
J=28.4 Hz, 1H), 8.06 (d, J=8.0 Hz, 1H), 7.93 (d, J/=16.4
Hz, 1H), 7.83 (t, J=8.0 Hz, 1H), 7.61 (d, J=8.4 Hz, 1H),
7.44 (t, J=8.0 Hz, 1H), 7.02 (d, /=38.0 Hz, 1H), 6.94 (d,
J=38.0 Hz, 1H); IR (KBr) v: 3043, 1624, 1560, 838, 748,
560, 470 cm'; FAB MS-MS m/z: 648 (M+H)". Anal.
calcd for Cs34H3oN4O4Zn: C 63.02, H 3.42, N 8.65; found C
63.44, H 3.08, N 8.40.
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(E)-2-[2-(3-HHHE A I ) L0 K 1-8- 2 JL AR B (Sb) 1)
il #7710 Sa I, 19 2 OB AR AL &1, 7%
81.7%. '"H NMR (DMSO-ds, 400 MHz) 6: 8.71 (d, J=16.4
Hz, 1H), 8.33 (d, /=8.8 Hz, 1H), 8.20 (d, J/=8.0 Hz, 1H),
8.14 (d, J/=8.4 Hz, 1H), 8.06 (d, /=8.0 Hz, 1H), 7.93 (d,
J=16.4 Hz, 1H), 7.83 (t, J=8.0 Hz, 1H), 7.61 (d, /=84
Hz, 1H), 7.32 (t, J=8.0 Hz, 1H), 7.12 (d, J=8.0 Hz, 1H),
7.04 (d, J=8.4 Hz, 1H); IR (KBr) v: 3043, 1610, 1543,
830, 748, 554, 467 cm™'; FAB MS-MS m/z: 648 (M+H)".
Anal. caled for C34sH»N4O¢Zn: C 63.02, H 3.42, N 8.65;
found C 63.24, H 3.60, N 8.77.

(E)-2-[2-(A- T HE R IR ) 24 5 1-8-F S MR B (Se) 1Y
il 7155 sa Ml lR], 15 B0 o ARRFEEEY), 7=
% 87.1%. '"H NMR (DMSO-d,, 400 MHz) §: 8.33 (d, J=
8.8 Hz, 1H), 8.30 (d, /=8.8 Hz, 1H), 8.28 (d, J/=16.8 Hz,
1H), 8.27 (d, J=38.0 Hz, 1H), 7.95 (d, J=8.8 Hz, 2H), 7.80
(d, J/=8.4 Hz, 1H), 7.70 (d, /=16 Hz, 1H), 7.39 (t, J=7.6
Hz, 1H), 7.37 (d, J/=8.4 Hz, 1H), 7.09 (d, /=7.2 Hz, 1H);
IR (KBr) v: 3041, 1617, 1533, 842, 732, 542, 473 cmfl;
FAB MS m/z: 648 (M+H)'. Anal. calcd for Cs;HNy-
O¢Zn: C 63.02, H 3.42, N 8.65; found C 63.48, H 3.77, N
8.32.

2 #ZR51He
2.1 RIKEHEINE

UL L8 L~ ik A v 5, FLhbE RS 3a (1)
RIS, 70 NS, Z9VR T H Bt B g
TEERME, ARM X SRR S E =N, i Bruker
SMART 1000 CCD A4, Hdi A #A% A SAINT
FEA, X 1958 A I>20(1) ) m] W %2 55 T H B A,
FAS KB fe /N —3eddixt 220 NBEEHTEIE, X TAEA
J5 R 4% ) S SR, T AR TSR % 1) [l
ZH.
22 BIAEMIRYER

AL EY) 3a KA R TP (GE 1, Bl fr T o5 8
M 0, CCDC 524 869913), C()AIT C(2)4L kT
T 5 8- 34 ik s bk R R A ik 2 A 180 T AR 43 0l A
C(1)—CQ2)—C(6)—N(5) = 0.9(6)° Fl CQ)—C(1)—
C(14)—C(19)=1.1(7)°, AIFIAEY) 3a 15> T 45tz
FRAEPTHI, C(1)—C(14)4 0.1459(2) nm, C(2)—C(6)4
0.1471(2) nm, XA C—C BB IEH ) C—C it
KPP EMEEN, X H T C=C XU IR A i 3
KR RR L aA T C—C B KA ] B4k, MW
1 /LA LAY 3a > TROEM GO E X5k, It
e 5 79 2 (AL 4a B4 E G5, X5l 4a (1)
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SRR S A B 15.6 Hz, FIWI 45 A —3%.
ficfA 4b 1 6 7.77 Fl 7.46 AERIPANEIEEHECH 16
Hz, 4¢ 16 7.77 A1 7.48 AbHIMANE IS G # 50N 15.6

Hz, HILAT%] 4b, 4¢ 14 E 51,

R 1 ALEY) 3a 1 X AT EER
Table 1 X-ray diffraction data for compound 3a

Empirical formula Ci9H14N,04
Formula weight 334.32
Temperature 298(2) K
Wavelength 0.71073 A
Crystal system Orthorhombic
Space group Pna2(1)

Unit cell dimensions

Vv

VA

Density (calculated)
Absorption coefficient
F(000)

Crystal size

6 range for data collection

Limiting Indices

Reflections collected
Independent reflections
Completeness to §=27.08°
Absorption correction
Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on 2
Final R indices [[>20(])]
R indices (all data)

Largest diff. peak and hole

a=2.58466(13) nm, a=90°
b=1.18451(6) nm, f=90°
¢=1.05870(5) nm, y=90°

324.13(3) nm®

8

1.370 Mg/m®

0.098 mm !

1392

0.47 mm X 0.45 mm X 0.26 mm
1.58°~27.08°

—29<<h<<33, —13<k<15,
—13</<13

17451

3731 [R(int)=0.0390]

99.1%

Semi-empirical from equivalents
0.9750 and 0.9555

Full-matrix least-squares on F~
3731/7/453

1.044

R;=0.0578, wR,=0.1434
R;=0.0831, wR,=0.1714
0.0556 and_—0.0216 esnm

WA, BEABTREERIIN, 71204 nm &b n] DLV 53] 5.
IR E Y, 1230 nm AR IL T B IR R I, 1T 4a 7 342
nm A& )JF IEZEHTE K, IR Sa i KIBBOR K
RAWRMLAR, FIRAE 426 nm Zo4 7242 T8 Rk
e, 1 3 RO E AR MR ) Ml P IR S
FCAR I R I LE R T 1 0 2 1, RAMRIBORIETE 426
nm Ak RIWE G EEAN PR R A, RWIRCAL I RELTR. LA
GBI IFIAE T RCAP AR, 4b F e HTEIR
FEIRCAL I FR Y 4a 2848, Hoils WR 2.
R2 LAY 4a~4c T Sa~5c LHMLEI %
Table 2 The data of UV of compounds 4a~4c and Sa~5c

B 1 a1 3a ki

Figure 1 Molecular structure of 3a

2.3 EiRSSFEALI R EIMNRIZE

Bl 2 SRR ANR E U T A 4a L BEIR B LA
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WwEY  Ay/mm Ay/am Ap./nm Ay/nm J4/nm
4a 204 — 284 342 —
S5a 205 230 297 — 426
4b 208 — 297 338 —
5b 210 229 303 — 428
4c 208 — 355 273 —
Sc 208 231 350 — 448

—=—4a

0.8 —e— Zn(AcO),:4a=1:8
—4— Zn(Ac0),:4a=1:6

—v— Zn(Ac0),:4a=1:4

0.6 ——Zn(AcO),:4a=1:2
. —>— Zn(Ac0),:4a=2:1
g
8
§ 0.4
<

0.2 -

0.0 : . : . :

200 300 400 500

Wavelength/nm

B2 HEE-K( V=9 DRBHLEY 4a (6X10 ° mols
L) 57 ek 2 (48 o 2 ]

Figure 2 UV-vis titrations of 4a (6 X 10® molsL ") with the addi-
tion of Zn>" (2.4X10™* molsL™") in CH;OH-H,O (¥ : ¥=9 : 1)

2.4 ERSHR AR R

Wik 4 FroR, Biik 4a~4e 43 HILE 340, 305, 300 nm
IR CER T, WA S G RS k4 h 516, 556, 536
nm, AN FEERC S Sa~5e 43 WILE 340, 305, 300 nm
MU IO T I BAASO6 R 06 596, 625, 592
nm: RO CUG, PR ARAETHREMaE, JEKN:
(W&JEECAL ), 48 SRR R ) m B0 ) il A 7 =
OB TS TERE N, 48 B S AR A R
TR A 3 = ve-9) | A1 B2 N 2 | R S AW e 2 N 1K
e, 0PI PR IR L 7 ()9 S AT G I W SR B — AN
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0.08 . . . ZAER DA, SEURE, AR T3 75 20
0.077 / RETEON. DA st 4 SR 78 40 U Wl Ik XA i 2 () A7
006 / TSI ROGE KT
0.05

§ 0.04—: | 1.0

g 0.03 /

< 0‘02—_ i
0.01
0.00 -/
-0.01 ] T T T T T T

0.0 I (){5 I 1.0 1.5 2.0
Molarfraction of Zn(II)

13 ik da (6X 10 O7EMEK N 426 nm MG EEREAT Zn®

(2.4X10"* moleL™ ") A FIZE 1k i £

Figure 3 Job’s plot of ligand 4a (6X10°° and Zn*" (2.4X

10"* moleL ") at 426 nm against the molar fraction of Zn*"

FR AN BUE DL A R e

1.0
] 516 536 596 ~ —a—
0.9 556 4a
] . --e--4p
0.8 NP 56) A 4o
0.7 625 %
B 06
g 0.5—_
2 04
03]
02 —-y—- 5a
] -t 5b
o1 J Fyd ,— e
0.0 - : - T T T T T T 1
450 500 550 600 650 700

Wavelength/nm

K4 Kok da~de RIAINAC AP Sa~5e KA E6H
Figure 4 Fluorescence spectra of ligands 4a~4c and com-
plexes 5a~5c in solid

WIE 4 PR, TEE 5b IR R A i
SR, J5UDRI AT B SR A AL T 2R BA R A B B AR T L5 4
Sb RN, R T ARRIIGEE. MG Sc
(PRSI AL T 2R IR A, T2 M FEAS VR, AR
BV R LR, A4 ZR Re 1 B W Sb BH .

WKl 5 fiR, 5a~5c ££ DMF BT Amax 20512
562, 536, 618 nm. 45K Sa~5c M EATE AT T
AR T a0, R AT B A Sa, Sb ILHIFE
FER, o PR SEHEw /N, ME 2 MERRNE, 5
IR AR R A Y, SRR, FFENIRE
IR/, Ak, TSR, EE G T ER S T RE YT
[ AH EAE ), W BRIE TR A S, AT A o] 285 B A S
K2 ®. M Se FEARZO G TR R AL T IR, R
RIATREJE Sc MIBHEEAL T2RFR RIS, b -T2 () PHAS 1)
PER, HIE AR LR AR, 4 TR B ROR, AHE
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Normalized

500 550 ' 6(l)0 ' 6%0 ' 700
Wavelength/nm
B 5 BlAY) 5a~5c /1 DMF @l 196k i
Figure 5 Fluorescence spectra of compound 5a~5c¢ in DMF

LR TP R T2 0.55 Jobfe™, st
T 5a~5c £ DMF #0974, il 24k
JEE PR C S IV ORI R 2 T L, AP IR A A
I HAKT 0.05, F#RBOLTEMIOCOEHE, 72043 2
BV 55 0 i PR WO BE A (AR, Au) FURR 93 52 558 JEE (P,
Fy). PR QN AP SOG BT 5% .

djﬂJ:nIzJFUARdth/(nIiFRAU)

Sa~5c M9G8 F =Rt H 4 R 000 0.16,
0.24,0.18, H.rh sb (K565 Fedm i, B K nl e e f
FEAEFIRALIE, SR FRCEY) Sb FE R 1H .

25 $HEEYIE TGA

BATCEY) 5a~5e fitT 30~1000 CZ A4 E
GyMT. THEEZN 10 C/min, IR DY E R~
1000 °C, i3 TGA HhZw® 6 Pros. MEH LA

1004
90+
Sa
% 804
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Figure 6 TGA of compounds Sa~S5S¢
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