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A Novel Imidazophenazine Lactam Reaction Type Recognition
Cyanide lon Fluorescence Probe

Lin, Qi Li, Qiao Chen, Xiaobin
Zhang, Youming  Yao, Hong  Wei, Taibao™
(College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070)

Li, Xiang Qu, Wenjuan Li, Wenting

Abstract A novel imidazophenazine lactam fluorescence chemosensor (S1) was designed, synthesized and characterized by
'H NMR, *C NMR and HRMS techniques. Fluorescence spectra of S$1 in dimethyl sulfoxide (DMSO) solution were meas-
ured. Its maximum emission wavelength was 524 nm. The DMSO solution of S1 has bright yellow fluorescence. Respectively,
to the S1 solution add F ,Cl,Br ,I, AcO, H,PO,, HSO,, ClO; and SCN , the fluorescent color of the solution
didn't change. Only the CN  addition, the fluorescent color of the S1 solution changed from yellow to orange-red, indicating
that S1 has good specific selectivity for CN . The results of anti-disturbance experiment demonstrated that S1 detect CN
without interference from other anions. By calculation, the linear of the fluorescence of the sensor for CN™ is 9.96 X 10”. This
value is lower than the World Health Organization (WHO) provisions of the cyanide content of drinking water. Mechanism
studies show that S1 is a fluorescence sensor by reactive recognition CN . In addition, the application of sensor S1 supported
on solid silica gel was used as a solid material to detecting solid NaCN and CN  in pure water.

Keywords phenazine derivative; fluorescence sensor; detecting anions
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B, AT F06F B T« BH B 1 R R P 4 AR ) A1),
DA] B 5 Wy W A B D AE AR LR 1 B R il A S 7
THT P37 I FF LA 2

AL IR 2 BRI K 7 T IR N A A TR
el B A H ORI T2l dr sk, JA
WAL IR A TR SRR 43 1 5 v B R R R
Feaidskz U TR B R AR A, R
AT AL TG & T ERfEHF. Fhn: T4
i, PE G PO P AR R BT HE S R A B K . R,
DA% AE A7 HF5I AN o B 575 o i HRTBORTASE FH AR A 40, %
FRATH A POK LR ™ 5 02 %,
TR R ASORE L R e I 7 A= 1) 0 55 o s S B A AL
PP R NAERE, b RS R B
EF P A, e EY SRS E . Bl
ANEZ . REFELG . T — SRR Rl 2 320,
/b i () U B8 7 0T A5 N A4 I 21 200 P 45 -5 38 1 7 i
] Py A N B BB T AR AR T A T AR G (WHO) LR,
HEWHKF CN S EASET 1.9 pmol-L ™% [H
b, AR, mEE R R R RO A R
FERAF T EE, KLUk SZ B T F AT AL

BEAN, R T BRI OCAL AR O3 A SR R i A
AELE— 28 o), ¥ 8 N VO B, s B A
PN AR AR o [ B [ AR AR R BT A
AR RS IS IR B S F BRI — R oG R0 X
P2 mT DR e et sy RS . AT AL S5O R R
R AL S 7 T 5B R R AR 5 &, AT SE 3N
POCMEHER 7R AT AR 1 2 ThRed. =
P BB A0 UL RS U AR Y a] WARPOL SE i, ERAN 2 4R
SR FEHE o P A K T B IR Sk e BB
o 23-TEEMEE 1,8-Z T HRE R, AT —Fh
W Y WK Iy R P I e e AR Ik s ST, BEAT T LTS
TIRBIMERE, 2R AM, HX CN ARG &—® B IR
THAL, b R AR A CNT 3R AL IR 3 1. Ak,
BAM e T ESERZ b, XF R T %o ke
7 ST B BEASRASOS A7) NaCN BAT HE iR i)
RO, 1 HA Al KR i R B A R ROR, 2
— PRSI (0B A )

1 BRI
1.1 RAERSR D FHMR
WICARIRIE T S1 /2 LL 2,3- 5 Ry By B,

1,8-28 “IRE OB LRI 17586 73 1. Scheme 1 %t
FRIEER T S1 )& U 2.
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Scheme 1 Synthetic route of the fluorescence chemosensor S1

1.2 REFHEZR
ARAE SRS, T2 ] LS MR IR I B — ot
SEEBARAI RS, 152 F IR, Hdfy: 2%
FEIRIE, AR A A L S 8 S K e ) -G£ A T %
A= AT AR S 1,8-28 TR
B S ML AFREAT 72558, SR IR 1.
R BRI

Tablel Optimization of reaction conditions

Entry Molar ratio”  #°C t/h Solvent  Yield%
1 1:1.0 80 8 DMF 222
2 1:1.2 80 8 DMF 29.0
3 1115 80 8 DMF 30.5
4 1:1.2 100 8 DMF 34.1
5 1:1.2 120 8 DMF 433
6 1:1.2 130 8 DMF 443
7 1:1.2 130 12 DMF 49.5
8 1:1.2 130 18 DMF 56.7
9 1:1.2 130 24 DMF 60.2
10 1:1.2 130 24 DMSO 63.4

© 2017 Chinese Chemical Society & SIOC, CAS

“n(2,3-"EEWER) 1 n(1,8-25 "FRED).

AT BRI PR R R, R 1 LU H,
BEE 1,8-Z8 RV IR, RN PP = 2R 1%
BT 1, Entries 1~3). JR10, 24 2,3- “@AEMES
1,8-Z5 “IREFHIPIR SN 10 LS B, A1 D 1.2 f%
B, PR T 1%EH. E75 R AR KE
OUF, HEBRAEHIMFE R, ER 2,3- 25 AN RS
1,8-Z5 “IREFIMIR R LEN 10 1.2, TR AR
FITF P4 (3 1, Entries 2, 4~6), 1B & 35256 =
AN, WEELRARE, RERKMNEERN
130 C. ZJa, MO N AT 5%, 4 e B[] 2y
24 h I, PAFREE(E 1, Entries 6~9). &m kA
DMF #t 5 DMSO & 3= 24 Fri =i(3 1, Entries 9, 10).

A B K ST IR OB 2R 2,3- R Wy
B 23-TREEMEME MRy 1012, RER
130 °C, JMHEFTE]N 24 h, #5514 DMSO.
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1.3 BKEXERERESTT S1 KA

AN 5 (5 K B 5% Ak I3 4 I RO A R
oM. SKENME AR T ST MIPOERE R 1
FE 2 For. WNEHFETLLES], JEKEMN 0%38 N3
10%FF, ST 175 Y58 55 B 9 9 55 7K 2 1 18 0 v ik 35
BRI K FEIIMNAE ST 7= A HERR, AHX FhHER R TEIT,
S EH T M E KB 10%HIE] 30%0H,
ST %€ )l 5 i il v 0 5 K B B 388 ot 38 501,
I 1) ST HERRAR X BN e, dEmir= AR ST, Hitk
SR, M5 KEM 30%IEINE] 90%HK), S1 KK
6 FE B A R S K B I TR S, EREIRK. B
PRI KB RIKAETS ST RAE T KR, FETOLIEK.
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Figure 1 Fluorescence emission spectrum of chemosensor S1

versus the water content
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Figure 2 Flourescent identity of chemosensor S1 at 524 nm
versus the water content
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3% S1 ECH IR EE A 2.0X 107 mol/L ) DMSO VAW,
HaarmE R A 50 S EITF &S FHEFE,
Cl, Br, I, AcO", H,PO;, HSO;, ClO;, CN fI
SCNY). A F,AcO Ml H,PO, =FP 8 Ti, W&
T S1 BRI m, i CNT IS AR
PiEAR IR, N 3 pR. AT S1E AR
JEHKAE TR CN ANEA 0 R & —ik 8. REK
AT 7T 0tME, Hoeluilk WK 4. 7T BUE H, S1
7 524 nm AL LT — /NI B R R ATIE (=385
nm). I CN i, 524 nm Abf5 6 A S K E i 1%
RIFRAEDR. A, B SCN ZE-FRIIMAETS S1 %k
ek s o 58, e B FE, Cl, Br, I, AcO
H,PO, , HSO; 1 ClO, )FIIIAXT ST IR I A5k
JUTF-EA AR, HRHAE = F N3 A ASCR T DA R 0
KEBMA CN G, B 5 08 A AR 21
o, BB & T AR B A e (B 5). X
ULIAFE KA 7 S1 % CN™ B RAFI & —ig 8k, wf
PASZELLE DMSO & X CN™ & — R B IR 5.

B3 PRI T S1(c=2.0X10"° mol/L)H) DMSO VWi

SMMAARFB S F,Cl,Br,1,AcO, H,PO; ,HSO; ,
ClO; , CN #I SCN™ (¢=1.0X 10" mol/L)HI & J

Figure 3 Photograph of chemosensor S1 (¢=2.0X 107> mol/L)
in DMSO solution were added to 50 times the stoichiometric

amount of various anions F , Cl , Br , I , AcO ,
H,PO; ,HSO,;, ClO;,CN™ and SCN (¢=1.0X10"2 mol/L)

1.5 TEHERERFZST S1 FHEFEMIRA CN BTt
S}

PUT P REXT 586 B T R B IR R 3, 2
— AN EEEERER. AT AL ST S1 6 CN
EEEPE R P PeRE 71, AT T W NP st
¥ 50 bt ER F, C1, Br, 17, AcO™, H,PO,,
HSO, , ClO; 1 SCN™ 73 Jll I N BE K28 40+ S1 1%
Wb, BEATUOEEIEIE, SRR, BT SCN I
NS ST RGP, LR PIES T RIS S1
TR LA . PR SRR CN 2Bl inA
B FiRiA R, I ERALE 524 nm AR 7O 5 FEAIK.
BB R ' R S I b (524 nm) (B4 1 IR BT T4
(Bl 6, 2x=385nm). M 6 WL H, &K 75+ S1 4t
CN R BIFE I & BB TIN5 B 52 25, 1 4%
JRE T ST X CN IR B R HIPi Tt ae
1.6 RAHEREESTF S11H5) CN BIHIBIRTT

KT WIGARIAL EER 77 F 5 CNT R BINLEE, 3.AT
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Figure 4 Fluorescence emission spectrum of chemosensor S1
(¢=2.0X107° mol/L) in DMSO solution were added to 50 times
the stoichiometric amount of various anions F, CI', Br, I,
AcO, H,PO, ,HSO;, ClO;, CN and SCN  (¢c=1.0X
10> mol/L)

DO ODE DD
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B5 FEEKER T S1I(c=2.0X10"" mol/L) DMSO ¥ "
SRR T F,Cl7,Br ,1,AcO, H,PO; ,HSO;,
ClO; , CN AT SCN™ (¢=1.0X 1072 mol/L) ¥ bt . R4 L ]
Figure 5 Colorimetric renderings of chemosensor S1 (¢=2.0X
107° mol/L) in DMSO solution were added to 50 times the stoi-
chiometric amount of various anions F, Cl', Br, I, AcO,
H,PO; , HSO; , ClO; , CN™ and SCN™ (¢=1.0X10"2
mol/L)
X PR AR T S1 A S1HCN i 1 2 e xf b,
KILH CNTIIN G, 2888701 S1 7 524 nm AL FCR
RSV B R PRI FUR AR 208, i o s A il & I 76
S1+NaCN 1k ZH, M5tk (& FmT LIS ZI1E 413.2237 A&
HILT M+H] 707 857U, did 2 AT 2 i ol
JARIRER T T S1 5 CNTHEAT SRAZ N RS 82 A2 B 1 )
WEEEE, JEEATaE, #E— WK, R R IR IR,
BT AR RIANER, ZANER 70 T8 412.3838.

N TR FRE AL AR T CNT R B,
R T AT FOAE R 0 1 ST 1 o> TR T
Fotr(E 7). GREIR: SOUEERE T S1 R HEFRE
FAUEINCR S AEBREE C JR T M, HAE N —1.84 eV.
YPGB IRAR 707 ST BERIEIRIE T A E R
P, B9 KRN BT EOTIA.
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Figure 6 Fluorescence intensity changes of the S1 to CN  in
the presence of various test anion in DMSO solution.

B 7 iR S1 41 R HL 5 o i I8
Figure 7 Molecular surface electrostatic potential analysis dia-
gram of fluorescent sensors S1

RNT BB B FAR I 0 I BOK SR, Sy
IR R A B AE 7> T S1, S1+NaCN A1 S1+NaOH #H1T
TERAPG LG (B 8). MWER AN LL I HaT LU B, S1+
NaCN A1 S1+NaOH HJ2 AR S AHALL, BEBH S1+
NaCN 1 S1+NaOH 14 & #43 # [7 (15 7= 48, S1 15
PEIK AR =40 9 A B R BB S

PG LA B S00, RATIA R AL RE 70+ S1 iR
S CNHLEE, 41 Scheme 2 fii7n: B G H CN™ A& #4877
T S1 HRIEAI G, C—N 424 s L E, 5
AR KA K RA R TR, BEREESH ENE T
R AR W A R N PR A .
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Figure 8 Comparison diagram of chemosensor S1, S1+CN"~
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1.7 RAERSEST S1 3 CN HHRIELM RSN
ETFFENNE

EERZMHET, RATEL FfE B35 TF ST 1
DMSO BRI R EE I CNJ&, 5 56 i (1) A7
b, FFIA 3sB/SPHH SRR R, 13 2175 6 e i
FIBRARKIIFR Y 9.96X 1077 mol/L. X —HU{E % Tt 5t
A ZH ZU(WHO) B JLE FIAR B K RS T & (<
1.9X 10 ® mol/L). it 5% 3 S RiE M CN R4 Fdik
R PR e, KRB ST % CNT ARSI B A 6 0 PR A 1)
A, A— bR HMME. thah, AT 2 T
brES LY, X S1 5 CN™ RN RT3
T MR, HA e AR08 0.701 A0.211, it
B S1 5 CN™ W fG %t &1 77 2 B B PR 1IK.
1.8 $a#k S1 R R R R E B

N T AET AR IR 5T ST R CN™ RERS7E SLPRp
BB I E S AT IR, FRATHE STk TaEfe |, JF
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3 ORI ON LR
Table 3 Comparison table of current chemosensor with other
reported chemosensors for recognition of CN™

Ref. LOD/(molsL™")
This work 9.96X 1077

[54] Reg

[3] 1.4%X10°°

[55] 4.93x10°°

[56] 1.811X107°

[57] 1.0X10°°

© 2017 Chinese Chemical Society & SIOC, CAS

TR NaCN B A NaCN 7K I IR 510 FRE
0.0054 g WAL T S1, RIGIMAE 0.6 g fEfiE
(100~200 H, Lty R)H, BINGETE, B2 0E
BIS B = 2 — AR R, FRATTAT LA 5 21 b [
AR A, E 365 nm = HIEAMIHHACT K 2
TR, FEMEFER R =2 —FR, A 0.0024
g NaCN JE 4k Z0tBE, e /it B8 Jm, Bk R, 3R
AITAT DAWESR Bk A B g AR Ak, AHRITE 365 nm —
AN T AR 9% 6t (A8 2 (B 9). R SRR
AL AR 31 S1 0] AU [ /4 NaCN. 5, it
PR =42 — R RS, M NaCN K&, BETE
365 nm =AM HTACT SR DB, K IUAH R 1)
PICEN AL, BLIZE AR AT DL B R 5 KA
R 251

B9 OLrLER 2T S1 A RN A & NaCN Al NaCN
IKIEWRCR

Figure 9 Fluorescence chemosensor S1 solid material detecting
NaCN in solid and aqueous solution
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AR SR TR TR A T — o B 5 e A% 8 s oy
T S1, X HA KT T RETART S1 1
DMSO  HH 7 e il 1 it S X CONT 1R 2 S iR S v 12
PE AFASREN: YIMAAFRFEIHE 7R, RfF
CN & PR I 59 e i (A ARG (1, RILH
LGB RAIACR. FIR, Priseie g REOR, S1
HA RIFMPTHERE. fEixsseib st B itat b, 3
RS T S1 iR CNTHIMLEE, PAAARIRES 73+ S1 %)
CN [5G R ARR IRR, &I S1 #U)] CN & —Fh
B N AR I HUE, AR 9.96X 1077
mol/L. I Ja b A gk FRERR b, il 7 — o 4 [ 44
PR, Z R AT LS FE 44 NaCN, g 5 T B
PUMNAEAKAI B CN IR B 7, AFMRE TR se gt 7
1T Z A BE 7, A — 5 I SERR B A A
3 IS
3.1 UESHF

AROR % IR ER TR L WRIARR TR 2 T . FeCl3+6H,0.
SEALE . 1,8-25 TRET. ZBE. R WL R
(DMF). — H T A(DMSO) I AR Rz T 43 #2571,

'H NMR 1# ] Mercury-600BB H 4% 1 JLHR A 22,
TMS NN Fx; IR 18 Digilab FTS-3000 FT-IR #4041
HEAC(KBr JEF)E; 1S X-4 3 B B0 s
DE B E (R ETHREZIE); =AM A (Lg% =
HL A ), AN A H AR B UV-2550 5 4h-1]
DRGSO e, MR EFE RN 1 em BIA S E
I % 9% % i fd 1 RF-5301 7 %% 5 e i 4 (H A&
Shimadzu A &]); ZAB-HS B! A (FE[E VG A F]).
32 WK
32,1 23-Z &Kk ah &k

# 50 mmol 487 —H%(5.4 g)IMA 500 mL [ [5 & K
. )5, ¥ 8.33 mLIRERELHFE T 250 mL 281K H,
W RS SRR VAR E] 500 mL {9 [F R L+,
PRI A0 A0 K — i 5E A5 AR ¥4 58 g FeClye6H,0 ¥4
it T 75 mL &0k, AR5, R HEERmE L
R CH A GPUEAR). WinseEs, =Rk
24 h. Fe RS, HiE, 3£ 3 mol/L [ EhIRE
e A 3~5 IR@E2: FeCly AR N IAR K %),
W AR 20 A B AR T 250 ml bk H, AN 75 mL 2
mol/L [#) NaOH ¥, F=A s e, fiidk 15 min /245,
DURE 1 h, A AR =10, EARIREEayue. &K
FrASUIE P 28K e ik 2~3 Ik, LT 15 2,3- & ey
BE08 P 759%. mp.>300 C.
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322 RAMLREEHT S1 &R ALEM EAE

¥ 0.2216 g (1.0 mmol) 2,3- ~ZFEWy 1 0.2453 g
(1.2 mmol) 1,8-ZF ~HRREFE T 50 mL FRGEHM,
A 20 mL DMSO J&, fiidt, fHE M. KIEE %
WT 130 Cihirsn, n#k, B 24 h FF R4 HRE,
BRI =R, g, 52 ATTE, HRKS
B DEERUTE 2~3 IR, BT, B3I S1, F=ER
63.4%. m.p.>300 ‘C; '"H NMR (DMSO-d,, 600 MHz) ¢:
8.67~8.45 (d 2H, ArH), 8.00~7.80 (m 4H, ArH), 8.67~
8.45 (m 6H, ArH); °C NMR (DMSO-d;, 150 MHz) o:
162.73, 161.14, 135.82, 132.89, 127.99, 119.48; IR (KBr)
v: 1771, 1739, 1580, 1510, 1304, 1500 cm ™ '; HRMS caled
for C,4HsN,O [M+H]" 372.1011, found 373.1084.

B R (Supporting Information)  S1 FURZHIEIE 2%
Ttk ol J v o0 FET 1. 3 SRR AT DL G B AT X 3y
(http://sioc-journal.cn/)_ T %k,
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