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Synthesis, Crystal Structure and Characteristics on Furazan as a New Anion Probe
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Abstract: 4-chloro-7-nitrobenzofurazan derivative was prepared as colorimetric and fluorescenc anion probe which
recognized F~ and AcO~ selectively. The crystal structure was determined by X-ray singlecrystal diffraction and
showed that the crystal belongs to triclinic; space group was P1. After addition of F~ or AcO™ to the probe solution of
CH;CN, it gave rise to colour change from orange to red, which was visible to the naked eyes in a short time, and it
also led to the fluorescence enhancement. The solvent effect and 'H NMR investigation confirmed that the hydrogen

bonds were formed between I~ or AcO™ and probe, and there was also a deprotonation of binding fragment during the
hydrogen bond formation. CCDC: 855144.
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Table 1 Crystal data and structure refinement for the probe

Empirical formula CHgN,O, 0 range / (°) 1.74 < 6 < 2499
Formula weight 272.22 Absorption coefficient / mm™ 0.112
Temperature / K 293(2) F(000) 279.9
Crystal system Triclinic Reflections collected 4150
Space group Pl Independent reflections 2131
a/nm 0.720 9(8) Observed reflections (I>207(1)) 1 440
b/ nm 0.761 4(9) Refinement method Full-matrix least squares on F?
¢/ nm 1.209 0(13) Number of parameters 182
al/ (%) 101.099(12) Goodness-of-fit on F? 1.080
B1(° 96.137(14) Final R indices (I>20(])) R=0.051 5, wR,=0.146 0
y 1 (°) 102.440(13) Rindices (all data) R=0.074 2, wR,=0.157 2
Volume / nm® 0.628 2(12) Final weighting scheme w=1/[c*(F})]+(0.078 5P)*+0.049 2P), P=[F+2F?)/3
VA 2 (AD)s / (e+nm™) 249
D./ (grem™) 1.439 (Ap)uin / (€+nm™) -162
%2 Re@KAAR
Table 2 Bond lengths (nm) and bond angle (°) for probe
02-C2 0.136 8(3) N3-C7 0.134 6(3) 01-N2 0.139 0(3)
Cl-C2 0.139 4(4) C7-C8 0.145 0(4) N1-C8 0.130 9(3)
C2-C3 0.138 4(4) C8-C9 0.141 7(4) N2-C9 0.131 6(3)
C3-C4 0.140 5(4) C9-C10 0.143 6(4) N4-C10 0.143 1(4)
C4-C5 0.136 0(5) C10-C11 0.137 0(4) 03-N4 0.124 1(3)
C5-C6 0.139 3(4) C11-C12 0.139 8(4) 04-N4 0.123 1(3)
C6-C1 0.140 1(4) C12-C7 0.138 0(4)
CI-N3 0.141 0(3) 01-N1 0.137 8(3)
C1-C2-02 115.4(2) N3-C7-C8 115.4(2) C8-C9-C10 117.8(2)
C1-C2-C3 121.3(2) N3-C7-C12 130.3(2) C9-C10-C11 117.3(3)
02-C2-C3 123.3(3) C7-C8-C9 124.2(2) C9-C10-N4 120.8(2)
€2-C3-C4 119.1(3) C7-C8-N1 126.2(2) C10-C11-C12 124.2(2)
C3-C4-C5 120.1(3) C8-N1-01 104.6(2) C11-C10-N4 121.9(2)
C5-Co6-Cl 119.5(3) N1-O1-N2 112.24(18) C11-C12-C7 122.0(2)
C6-C1-N3 126.4(3) 01-N2-C9 103.9(2) C10-N4-03 117.8(2)
(C2-C1-N3 114.8(2) N2-C9-C8 109.6(2) C10-N4-04 119.1(3)
C1-N3-C7 134.7(2) N2-C9-C10 132.5(2) 03-N4-04 123.1(3)
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Table 3 Binding constants of probe with anions and correlation coefficients

Absorption Emission
Anion
K./ (L-mol™) R K./ (L-mol™) R
F 2.317x10* 0.991 9 2.641x10* 0.993 4
AcO” 1.956x10* 0.996 1 2.140x10* 0.998 1




1640 PR | R = = i} %28 %
d a
L_m_ﬂ__#Juum |‘ 7B
) Aﬂ ol ﬂ /N g
d
P “ AN b
] N
© )
- NO2
c d e fh g
ISQOI o IS(I)O‘ o I7g0‘ o l7(|)()' T I6§0' s
ppm

(a) 0 equiv, (b) 0.5 equiv, (c) 1.0 eq
K6 #HE5F
Fig.6
TR B8 2 B B vk 55 OB B 2RI BT
S AR R T ARE T 2 AN B ]
E— 25 IR A R B Y fE O  R A b
(4 LT BE 3G B B 25 6 e B BT I 5
SL A NI R A R R B PS5 SR e
PRI R A T Rk,
P 7 B2 A0 63 AR B AR £ 3 362.85 em™
Jib — A~ U TO0 2 856 1 W YS9 i) NHL R OHL {1 45 9= 2
W YA 2 5 FJE , RAE 3425.96 em™ AR TR
FRB AN GE T e, 322 N AT B R B AR AT
(9 NH P07 525 2R I3 10 AS P 00 252 3] 068 T 2 56
) NH W T#RE A B 7E 1269.83,1178.33 em™ 4b
TA C-0 WP R s, A F-JE PRS0 F8 2
1249.06,1165.17 em™ , BEMI T A EH OH 25 T
FPER . SUEAE A AcOJa I %E B 2141 6%
A5 AL 235 5 | 2% BH A5 T 55 300 WG R BH 5 7 19 /R
HLERAH AL
TR R TS DR e A s A R A W

Probe Probe+F- Probe+AcO]
1.0+ 1.0-~—\/’V‘ 1~0“—\['
8 0.9 8 0.9 8 0.91
: : || s |
Z 0.8 2 Z 0.8 & Z 0.81 S
& Q s « 5] g
= & = = =
074 ° 0.7 0.7
4000 3000 4000 3000 4000 3 000
o/cmt o/cm™! o/cm™!
&7

uiv, (d) 2.0 equiv F~ in CD;,CN
R A% T 7

'H NMR titration spectral of probe with F~

KA IERREM, BREE A GER,
FRK R PR 00 3 56 5 e A 9 W OG5 6
AR RN HE S AcO 8 FILAE R L IE
T 2T 0 RV T B T AR T R B
FR) 2t ) TR | I A WO T 2 R R
SRS 2 T BRSO TE | IT LI TR € e £ (0 T
Wi SZ Ry A B € GG T O 1 7R A58 S 3 A I
BT R4 5 B B R A SR T AR

g BT REN S Pk AcOE AT REARE K R
F-o AcO- 5844 F P 1) NH M1 OH 1 e I8 1l &
HUER, BEE Pl AcORIREE N A K A T 43 F 1)
TRFH R, WEF BT T4 A S a2, il T
BRI AR RS TN L
HIERIFL R, RIS WA S IE 05 2 L 7 = %
FER KRS AN, F5 R b AR 2E 7 B B 1) 5 R
3, HENIRE S Pl AcO=Z [ B 1l SURE I A A1
PEHBL W ER 2 fiR

SR FH R BB X [ B i TR RE O B T

—_
=1

1.0 1.0

Probe Probe+F- Probe+AcO-
0.8 0.8 0.8
o o [}
§ 0.6 § 0.6 § 0.6
g g g
E 0.4 Foal \[1 =[Foad |1 ¢
gV & g =S 3
s 2 - ¢ I h=4
3 I - K 2 —
0.24+—= - 0.24=—"— 0.24+—F T
1300 1200 1300 1200 1300 1200
o/cm™! o/cmt o/cmt

TS T AcO R ZLAME I

Fig.7 Infrared spectra of probe and F~, AcO~



5 8 1 08 %% BRI BT B TR ERAG 2 L R P R SR T B 5 o

. >€0\

i H Q H

A SN H N H b
AcO or F~ N N\ 4 | |
N i Z 5 N i
K 2 el i /E I HLEE
Scheme 2 Proposed bound structure of probe and F~, AcO~
TE A SR J1 | T2 A KN B AR AR Y g 2 T Tetrahedron Lett., 2005,46:7255-7261

[ Y QAN < S A Ll O Y o8 N a5
J1 ek, L BRE R B X FoR IR B RE e,
< 28 B Cl-, B, 175 S L A7 fig 77 AT 1 A 0
SERGIME R HET AcO- B A RAFry sttt —
Ji T AcO B MERE | 545 AR iR, 5

— 7 T HF T = AR B A A 2 A U T B R S A
1 B2 0] BE N 5 841 43 F /) NH Al OH & & TE LA
B YR as A LA DC B AR T P, NI &5 & %
BB FHE/N
3 & it

R — A R 1SR T — R R B R

SIBHES F AcO-FI F-I 87 BUOK WA AT A= W 4 5, R 5T
55199 8 - 1 U0 ) PR | B v e R R S B
PRSI, AR A B S 4 B £ RN S A T AT
WA F B 2R T AR X BB 4 RE T 5
55 B T IY B S Y BE 0 RN 5 I R B T A R B oS
] VC LR B ) FH I 0 R 0 2 6 S P A e [T s
SIAME-PLHLFHREM ) a8 T 1E N S TR0 6E
J, BRSS9 2 - 45 5 he 7, I B P R
B e

SE k.

[1] Schmidtchen F P. Coord. Chem. Rev., 2006,250:2918-2928

[2] Beer P D, Gale P A. Angew. Chem. Int. Ed., 2001,40:486-
516

[3] ZHANG You-Ming (5K A5 B), XU Wei-Xia (% 4E i), ZHOU
Yan-Qing ( i &
Xuebao), 2006,64:79-83

[4] NI Li(Pl), ZHANG Xuan(iK &), WU Fang-Ying(5 J5 9%),
et al. Acta Chimica Sinica(Huaxue Xuebao), 2004,62:369-
372

[5] Saravanakumar D, Sengottuvelan N M, Aravindan P G, et al.

%:), et al. Acta Chimica Sinica (Huaxue

[6] Beer P D, Ale P A. Angew. Chem. Int. Ed., 2001,40:486-
516

[7] Stastny V, Lhotak, Pavelj M V, et al. Tetrahedron, 2002,58
(36):7207-7210

[8] Llinares ] M, Powell D, Bowman J K. Coord. Chem. Reuv.,
2003,240:57-62

[9] Manoj K J, Nagendra B, Vandana B. Talanta, 2010,81:9-14

[10]Xiao P B, Jin H'Y, Yu H Z. Sensors and Actuators B, 2009,
140:467-472

[11]Shao J. Dyes and Pigments, 2010,87:272-276

[12]LI Chao(%¢#), CHEN Yao-Han (P53 %), JIANG Yun-Bao
(1L F). Science in China, Series B(Zhongguo Kexue B:
Huaxue), 2009,39(2):144-152

[13]Shive M S C, Tanuja B, Bhaskar G. Sensors and Actuators
B, 2009.141:116-123

[14]Xuan Z, Lin G, Fang Y W, et al. Org Lett., 2003,5(15):
2667-2670

[15]Yousef M H, Belygona B, Alvin P K, et al. Sensors and
Actuators B, 2009,136:297-302

[16]Pfeffer F M, Gunnlaugsson T, Jensen P, et al. Org. Lett.,
2005,7:5357-5360

[17]Neumann T, Dienes Y, Baumgartner T. Org. Lett., 2006.8:
495-498

[18]Ryuhei N, Pavel A J. Org. Lett., 2006,8:359-362

[19]Cho E J, Ryu B J, Lee Y J, et al. Org. Lett., 2005,7:2607-
2609

[20]Kato R, Nishizawa S, Hayashita T, et al. Tetrahedron Lett.,
2001,42:5053-5056

[21]Lee K H, Lee H Y, Lee D H, et al. Terahendron Leit.,
2001,42:5447-5449

[22]Lee C, Lee D H, Hong J L. Tetrahedron Lett., 2001,42:8665-
8668

[23]WU Fang-Ying(% 75 %), TAN Xiao-Fang(i# b 55), HU Mei-
Hua(% 3548), et al. Acta Chimica Sinica(Huaxue Xuebao),
2004,15(15):1451-1453

[24]Piatek P, Jurczak J. Chem. Commun., 2002:2450-2451

[25]Jiménez D, Martnez M R, Sancenon F, et al. Tetrahedron



1642 M

i

E ¢

%
¥

528 B

Lett., 2002,43:2823-2825
[26]QU Sheng-Ju(IX F+2¢), ZHANG Bing-Guang(3k N /J7), LIAO
Hai-Ping (B 1 V), et al. Chinese J. Inorg. Chem. (Wuji
Huaxue Xuebao), 2006,22(5):817-822
[27]LIU Ge(XI &), SHAO Jie(HB 7). Chinese J. Inorg. Chem.
(Wuji Huaxue Xuebao), 2011,27(4):731-736
[28]JIN Ying-Lan(4 9% %), ZHANG Bing(7%J%), LI Lin-Chun(Z%
MF), et al. Journal of Jilin Medical College (Jilin Yiyao
Xueyuan Xuebao), 2010,31(2):65-67

[29]ZHANG Ling-Fei(3k ¥ 3E), ZHAO Jiang-Lin(& VL.#K), ZENG
Xi (% M), et al. Chinese J. Inorg. Chem. (Wuji Huaxue
Xuebao), 2010,26(10):1796-1803

[30]Christopher B B, Bruno A, Andrew C T. J. Am. Chem. Soc.,
1999,121:10438-10439

[31]Santis G D, Fabbrizzi L, Licchelli M, et al. Angew. Chem.
Int. Ed., 1996,35(2):202-204

[32]Valeur B, Pouget J, Bourson J, et al. J. Phys. Chem., 1992,
96:6545-6549



