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Synthesis and Properties of an Aza-coumarin Based Sensor for
Detection of Zn**, Cd*" and Cu*"

Fan, Jiangli* Xu, Qunli Zhu, Hao Peng, Xiaojun
(State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024)

Abstract By condensation of 7-(dimethylamino)-2-oxo0-2H-benzo[b][1,4]oxazine-3-carbaldehyde (T1) and 2-aminomethyl-
pyridine, an aminal NC-1 rather than a Schiff base was synthesized. The synthetic mechanism was likely to be determined by
stabilizing effect of intramolecular hydrogen bond, which was proved through density functional theory (DFT) calculations
and control molecules NC-2~NC-4. Furthermore, the spectroscopic tests indicated that NC-1 behaves as a fluorescent probe

for sensing Cd*", Zn** and Cu®" by different fluorescence and color changes which can be observed by naked eyes.

Keywords aza-coumarin; Schiff base; synthesis mechanism; fluorescent probe
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SBRE T — ik DPA (di-2-picolyamine) it 4448 il
Cu™ N F e, SZBL T4 Cu® I EL A, E2) H Ry
b, AVERNBZIZ | Yoon 41 FIER [ MRd o T — i g%
[FJ I Zn® A0 Cd> (RARETY, 11 BENE IR I A6 I = Fofr 4
J S F R A — 1O

R\ G RZM TR, 2OLE T35, Stokes
iR R, R TR S F 2R Y BT ) 2 i K A B S
AR TAEE AR 2 =N st & T
E 7+ NC-1. — Ak, MRl S 46 & ROV Re
3B W=, %R N AR H N TR e RE &
ML E R AR S5 T1 5 2-% RN e i i 46 4 )
AR R4 NC-1 FEARRE KA, 17— AN e i 45 1)
WA, AR HLsr 7 NC-2~NC-4 #lF9¢ T 1% % W
WP AR A B A A NC-1 (P2 R R, il it 4y
FE AT A e TR N L. 7E SRR,
NC-1 e I %€ i 5 S i B8 1) 22 ) RS €8 AR A4 [ I A
M Zn**, Cd* F Cu® = FPE T

1 ZER51HE
1.1 #REH NC-1 BIE RANIRITiE

Ji5 FH ) B AR AN, — 5 ey R e o =50 4 A
RN I R RT £ B0 A B ) A . s AL G
Scheme 1 fi7r, G & A I LTI FE S 3 FIiK
SR R A SRR NS, TE AR e RS, o A
LFRFE G AR T E RO B, AR, fEA R H
PR7r 7 NC-1 Fd R AE, 5kl 2- 7 G 3R(T1)
55 2- S EMEELE IR N RN, HAAT BIUAH R R 1
Fg =, Misef3 2] T 468 i r= 5 (Scheme 2). JE L7
) SCRR I, 40 PN S B o e T e i I I TR 485 3L
1511 a0 LR R PP T 8- SR 1) B M), o i 4%
T 2R RN 8-S SR SRRV AP B FE SNV 2 h ),
52 S48 Ak A0 NC-0 (Scheme 1). Dikusar #Eill,
IRV 2 B LAJE A B A 54 NC-0, 2 PR e v it

/_EN—RZ (o

R1/§O D R
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T ke AR 7 5k B EUR T IERCT 2 F N
SV DR, BRATHENLE NC-1 & Gk feh, K4ET R
BT WEEEH. I T DRX Mg, Al
AT X T NC-2, FE4RE T CRIE X T
NC-3" NC-41,

X R T NC-2~NC-4 14 45 NC-1 2%
BA(Scheme 2). ¥ NC-1 & it BErb i e VA4 2-24 FH A
N B oA SRR, 5 T EMIRI 4 RO 2 h, 13
B RAEF=HINC-2. K SN TR ek, 2- R FE L e,
5 2B HAENERE [N 1 h, 15 B0 8= NC-3. )%
N T1 Bl 2- F R IE-7-NN- - ORFH &, 5 2-K
I WE 7R S BA A T I B, 49 3 I KB~ 4 NC-4.
BT KAk NC-4 AAFE =W, RESHKE G RE
AL N, i A S NI, AR R N R RN T
i K5 MgSO, FIEJ5E 7] NaBH,, AT RIF5E (A=
). YGUELE T1 45 2-%0 FF R me S o Fit v o2 45 26 i
ANFEE T KB, RATAE NC-1 18 [ AR R e in A
MgSO,, BRI 5 N s R G NN NaBH,, =45
ST AN TN A SRR JE T e AR ), 289 o A A L P ol e
PR R, 3K Ul W AE % s I R R A A R R
). gk EPTA, 2-2 FAEERE Rtk sE R B AR T Tl
B 2 A0 BRI DL R 4 A I EUR T, B0 4
NC-1 FIE R B2, Rk, B 1HEN, T1 5 2-%(F
FENEEIE B 5 S AR - AR R A, VS T B
I = AN T A1 52 e oA e 25 72 RN T T B B,
M A BB 50— T 10 2-% e i X, AR Bk T i
[l 4) NC-1 (Scheme 3).

BE FIRAE R AT AU, BATR AL
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oy, 2 ArERIE FAEUR TS A R RS AR T
FEEA 1.6 A, 4 M 5UR 751 A R R R AU 7 1B 2
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Scheme 3
oy a}f o &, ZOLWATHCAR AR, MR
R ;c.f !--‘\, R R R ASUR T, A 2-E
@ ? AR L R BOAE T, R RN, T

f 1.2 % NC-1 B3t SR i1

Y g PREF NC-1 1518 745 25 2 i 4E 395 nm A4 RKC, JF
® FLl T Sl TE R (PET)O ., HOAE 510 nm 4610

‘{3 s @0 ‘ o9 Jf TR, B NCAL.
a‘;ei.‘ﬁ{ ff {j; . sy
® dﬂ ’

B g )E NC-1 i ISR % POCARES. MAED WS Cd*, Zn® F1 Cu®" =& 1
Figure 1 Preferential conformation of transient state optimized LU, e boR AR R AR (B 2): fEIMA cd*’
by computations ZJE, WL RS E] 420 nm, [FIAE 525 nm 4= AEdEE

A 18 AL AU THSAT A AN BRI AT B R B SRIZOER IS AN Zn® 2 )5, 1F 557 nm A HI—A
SR IGUE T Z BN, PIERATIA, NC-1 1% BT IR O, ERET SO AT B OR, IR AR N A
IV 52 B = AN AN A B R R e i 3 B0, TS B N Cu*' 2 J&, 45 571 nm AbHEL—ANRE, JF Hg
BN 4 Scheme 4 JIT71s, 2-%8 HBEAHENE ) 2 2 1 /G E L T W TE K, TR N i .
(IR 1, A AR SRR NN, T RS~ 20 I e o 5
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B2 (1)AAHE NC-1(5 pmolsL™. ()& 4 NC-1 (5 pmols
L™HAI Cd*" (20 pmolsL™"). 3)&H NC-1 (5 pmolsL™H)Fl
Zn*" (20 pmoleL ™). (4)&H NC-1 (5 pmol-L Al Cu®" (20
umole L™ ) 116 A1 e

Figure 2 Bright field and fluorescence field of (1) NC-1 (5
umolsL ") only, (2) NC-1 (5 pmolsL ™ ")+Cd*" (20 pmol-L™"),
(3) NC-1 (5 pmolsL™H)+Zn*" (20 pmol-L™"), and (4) NC-1 (5
pmoleL ™ H)+Cu®" (20 pmol-L ™)

| N~

1.3 Cd*'Bot&im

FEIRIZ N 5 pmoleL ™' ) NC-1 ZFEHHH, b
Cd*™ (1~40 pumoleL ™ "R JE HIBI NN, 4 ZR 5 e i i,
7 CA R 20 pmoleL ™" Abik Fl 5 KAE (K 3a). £23d Al
EEFILERA TR Y=4.10+5.29X, R=0.977(/4 3b),
A REREE NC-1 % Ca> (AR A 0.23 pmoleL ™",
LD PHIA B MARUES LUIE W, FATTITS NC-1 5 A 5
IR T2 0.063, IIN Cd&'J5E, RIGET=%K
h0.66, DGR TR 10 15, 8 BEIRE, BVHIRET
NC-1 J&—Bil%F Cd*" HA i 8 RBUER TG HRET
1.4 Zn*'#0 Cu® H9iR B

FEWRIE N 5 pumoleL ™' f) NC-1 W+, b
Zn*" (1~40 pmolsL™ "I FE B8 b, HiAE 399 nm AL (1K
WOZRHT AR, 7 557 nm AbFWOBCZ T (B 4a); EIR
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Scheme 4
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B3 (a) LB e NC-1 (5 pmoleL ™ HYZEMIA Cd** (0, 5, 10, 15, 20, 25, 30, 35, 40 umoleL ™)) 5¢ Y By 15 45 1k i £ 1 ()54t

NC-1 5 Cd®" &k L& i 2k

Figure 3 (a) Emission spectra of NC-1 (5 umol°L71) upon addition of cd®t (0, 5, 10, 15, 20, 25, 30, 35, 40 umol°L71) in ethanol solu-
tion and (b) fluorescence signals of NC-1 to Cd*" concentration (0~5 pmolsL™")
Linear regression curve was then fitted to the fluorescence (525 nm) intensity data. Excitation wavelength is 420 nm, slit: 5.0 nm/2.5 nm
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%95 umoleL ™" ff] NC-1 LR, B Cu* (1~40
wmolsL ™ ")J B (38 i, LA 399 nm AL WL 3Z T FALK,
7t 571 nm A& W CZE T (B 4b). Sl Rl th, %
W R A=Ak, ZILG R AT WL 2). KUk, $REF
NC-1 7] LA DU Zn®* F1 Cu®'
1.5 PHBEFEZFRMIEESFHMTR

R HEH Agh, Ca*", Na®, Co®", Mn®", Pb*", Fe’",
Hg®", A", Zn™ il Cu* 54 8 & 1 I LR p, %4
THRER NC-1 %4628 3 7B £ U BE 1 (] Sa), NC-1
XF CA> A R Al WL 4 Y AT R MR Y,
B NC-1 % Cd*" RAFAEFIERA. 76 5 pumoleL ™!
NC-1 W LREFW T, Jeo mm AN Al 4w &1, W
Ag', Ca**,Na", Co’", Mn*", Pb*", Fe*", Hg*", A", Zn*"
Acu®t, BN Cd*, 45K sb Fis. B Zn®
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BRI I NC-1, 323 T T1 RHE_Ff) 2 AT EIEA 4 A7
RS T 5 AR O I A T R R DL K 2-% ARk e
IR R T 5 28 G0 9 g s 3 25 P 100 A TR 1 1 43 7
WA, SR T ROV IRAR, AR R A K T i RUEE,
MAE5S 5 — 07 2-2 FAEmene K2R TSR N,
WERFITEM, NC-1 Al -4} zn®", C&**F1 Cu* HEAT%¢
SRR EE A
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Figure 4 Absorption spectra of 5 pmoleL ™' NC-1 upon addition of (a) Zn>" and (b) Cu®*" in ethanol
Concentrations of Zn*" and Cu" are 0, 1, 3, 5, 7, 10, 20, 25, 30, 35, 40 umoleL "' follow the arrow
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Figure 5 (a) The fluorescence spectra of NC-1 (5 pmolsL™") in the presence of common cations in ethanol and (b) the fluorescence

intensity at 525 nm of NC-1 (5 umol+L ") in ethanol

Blank bars represent the addition of individual metal ions while the gray bars represent the emission that occurs upon the subsequent addition of Cd*" (5

pmol<L ") to the above solution
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3 XWEH
3.1 UEHIKF

Varian INOVA 400 %1(400 MHz)# i HR10(TMS
W Ar); HP 1100LC/MSD i Wi % Ji i (ESI-MS);
HP-8453 %46, PTI-700Felix %8 %40 6
1 BS-210S Jj 43 2 — K ¥ (48 H Sartorius A 7). X
T A T A ATl i, S K IR 253 K.
3.2 BWrEMEK
3.2.1 R4 NC-1 894 %,

¥ 120 mg T1 A1 120 mg 2-Z FAFEIERE T 10 mL
ST, =R BEE 2 h, WURZEIRER AR
W], ) FTE AT JE AT SR 2B (WE ik 1R £ 186/
B, VIV=300), HEIRERARE 4 81 mg,
35%. '"H NMR (CDCls, 400 MHz) : 8.59 (d, J=4.0 Hz,
1H), 8.44 (d, J=4.0 Hz, 1H), 8.28 (s, 1H), 7.66~7.62 (m,
2H), 7.47 (d, J=8.0 Hz, 1H), 7.35~7.28 (m, 2H), 7.20 (q,
J=4.0 Hz, 1H), 7.12 (q, J=4.0 Hz, 1H), 6.37 (d, J=8.0
Hz, 1H), 6.09 (s, 1H), 6.02 (s, 1H), 4.76~4.69 (m, 2H),
4.16 (q, J=8.0 Hz, 2H), 2.98 (s, 6H), 2.62 (s, 2H); "°C
NMR (CDCl;, 100 MHz) &: 163.14, 159.31, 157.06,
152.62, 149.29, 146.83, 145.02, 136.71, 129.41, 122.13,
106.32, 99.70, 78.42, 49.92, 44.64, 40.26; HRMS calcd for
Ca3HasNgO, [M+H]" 439.1858, found 439.1859.

32.2 sttt eds NC-2 496K

H 120 mg T1 F1 120 mg & FHRIRE T 5 mL L2
o S N 2 WS Bt pTE, D UE, TRE T SR
ELb T, SRR AR 75 mg, 77% 45%. 'H NMR
(CD;0D, 400 MHz) 6: 7.35~7.33 (m, 6H), 7.21 (d, J=
8.0 Hz, 2H), 6.02 (s, 1H), 4.05 (d, J=4.0 Hz, 2H), 3.02 (s,
6H); *C NMR (CD;OD, 100 MHz) J: 162.84, 152.60,
146.98, 145.42, 139.39, 138.22, 128.18, 106.28, 99.80,
78.42, 48.73, 43.37, 40.31; HRMS caled for CsHsN;0,
[M+H]" 308.1394, found 308.1394.

3.2 MikAE
32,1 ARAHER &

HERFR B A0S EREN 7 TR, BN S mL %
HI, H DMSO @7, A& BkE N 5.0X10°
mol/L (5 mmoleL ™ ")FIHREFBE. FH i 0 B 2% 8
3.0X10°° L (3 pL)AIRENRER, KW T4 3 mL il
AR R B Lt b, B R S15), A3 8k
FHERE M R 5.0X 107 mol/L (5 pmolsL™").

322 B THERORLE
JIT A7 W0 95 ) % 11 <6 D 1 RV A (R AL
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3 k CA(NO;),#4H,0, AgNOs;, Ca(NOs),, NaNOs,
CoCle+6H,0, Mn(NO3),*4H,0, Pb(NO3),, Fe(NO;);+9H,0,
Hg(NO3),*1/2H,0, AI(NO3);*9H,0, Zn(NOs),*6H,0 il
Cu(NO3),. FMAL T s Eid TEHLERMERIFRE, 4% A\ 5 mL
5% 10 mL 755 9 A 2 3 ke 2%, 13812k IEm
BRI, BN Cd?Y, Ag', Ca®', Na', Co™,
Mn®", Pb*", Fe'", Hg*", APP", Zn* 1 Cu*".
323 RAETF ARG T

FEER A= WLAN G 53 66 BE A 10 5 e b i Wi
GRS AR, e S K R D
A5 RO KA (R TG . R S b s v s o 2 RO
7 0.06~0.08 Z 1, Mlw LR HHERE, 3R N
JERIE LI P (7 = kU

D, = O X (FJF) X (AJA) X (o2 X (n/n,)

Kb, ORTOCRTE F O RSeik ih 2 B o8,
A NAEBRBAAEIIRICE; A A BRSPS n g P
FIVEFIIA R EG IR s M x 20 AR N IR E G
FHCE T B)RI N Gk

4HBh 1 Bl (Supporting Information) {L&54%) NC-1 5
NC-2 [ 'H NMR & °C NMR %[, bt ay LG ok
AT B 335 (http://sioc-journal.cn/) b 2%,
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