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N-nitrourea Derivatives: Synthesis and Anion Recognition Properties
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Abstract: Two colorimetric anion sensors N-nitro-N-(2,6-dinitro-4-trifluoromethylphenyl)-N'-(4-chlorophenyl)urea
(receptor 1) and N-nitro-N-(2,6-dinitro-4-trifluoromethylphenyl)-N'-(4-methylphenyl)urea (receptor 2) were synthe-
sized and characterized. The anion recognition properties for the two sensors using anions such as fluoride (F")
chloride (CI"), bromide (Br"), iodide (I7), dihydrogen phosphate (H,P0O,"), hydrogen phosphate (HPO,) and
phosphate (PO,*) in the form of their corresponding tetrabutylammonium salt in DMSO were evaluated by UV-
Vis. Fluoride, dihydrogen phosphate and hydrogen phosphate gave rise to colour changes from yellow to purple,
which were visible to the naked eyes. Job plot experiment indicated that 1:1 stoichiometrical binding compounds
were formed between the urea receplors and the anions. The selectivity and sensitivity of receptor 1 and receptor
2 for sensing anions were different, which was in the order of HPO2> H,P0,” > F~ for receptor 1 and HPO,* >
F~> H,PO, for receptor 2, the receptors had no evident binding effect with the other anions. For the same anion,
the association constants followed the trend: receptor 1 > receptor 2. A possible structure of the binding compound

between the receptors and the anions is also proposed.
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Fig.1  Absorption spectra of receptor 1 (2x107° mol-L™)

in the presence of 50 equiv. of various anions
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in the presence of 50 equiv. of various anions



1076 koMl e

A

24 %

HPO B WO i K s W B a3 & A T 3% A8 1k
VR AZ AR 1 T 2 X3 3 R 9T S EA R A R
PERE , HrhX) HPO Y e i, T HoPO,~ FARIK
"z,

FEARTNI B F ), Z T 1 78 411 nm A &
KRG | SZK 53 F 2 7F 419 nm A0AT Fe R |
HE W ERRES, S mARE T F-|
H,PO,” HPO 1], JREAH SZ AR O35 & AE i 3 A
A, TR S 5 9 1 2 € IR o (A S et ULIAL 37
I 3 FPETES FAAAE T, 32 1R 5r+ 1 7€ 327 M1 551 nm
BB A UG 411 nm AR UETH R, Z AR T 2 7E
342 F1 558 nm 1 BB A U0 419 nm ABUETH K

From right to left: H,PO,-, HPO,>, F-, PO,*, CI, Br, I, CK

B3 78 DMSO W 32 R4 7 1 & BT TrE et
{5 2,
Fig.3  Color of receptor 1 in different anions in DMSO
212 ZWrF 5ARRMEE S8 UV-Vis
WS i
EZRF 11, DOnABIE -+ H,PO, A i
H UV-Vis i aniEl 4, 78 327 #1551 nm B
W AT U | B A A HoP O, 1) 186 K | 0 A1 AH B 3
WK R Z AR5y T 5 H PO, Z R BT I L &
YR | [RTEE 411 nm A0 W BE S B | 9 &

[
=

o
o
L
o
Q
o

Soabww—o0oOS ~

Absorption / A.U.

300 400 500 600 700
Wavelength / nm

¢=2x107 mol - L™ ¢, ,=0~50 equiv. of 1
4 ZI 1 5ARWE HPO M ROL
Fig.4  Absorption spectra of receptor 1 in the presence of

H,PO,of different concentrations

TR ABERSE B E 429 nm, KHZ KD T
U8 4G it — D AR 3 o 0 i R 1 R
BE AL E W B AR R TR UL F 293 374
1456 nm A 535025 H —SF WS BRI R E Y
BEA AR, MIMA F- HPO BRI B4 HL
UV-Vis Yaik o 5 kK 5 FiiE 6,

0.6

o

Q
o

=

anto

Absorption / A.U.

300 400 500 600 700
Wavelength / nm
¢=2x107 mol - L™ ¢,,,2=0~50 equiv. of 1

5 K1 5REEE HPO 1O %
Fig.5 Absorption spectra of receptor 1 in the presence of

HPO,> of different concentrations

0.6 e/ ey
0
0.5 8;
0.
g 4
= 04
= p
5 0
3 03 0
B
Q
2
< 02

360 460 ' 5(')0 . 660 760
Wavelength / nm
¢=2x107 mol-L™; ¢, =0~60 equiv. of 1
F6 =15 REWEE FuBobig

Fig.6  Absorption spectra of receptor 1 in the presence of

I of different conentrations

R 21, DOnABIE -+ H,PO, i
HUV-Vis GiEanE 7, 78 342 1 558 nm H I
WU | Bl A HLPO, MR BE A 3G R W {EAH
BRI, 419 nm AW BE B TN SN
B % H AR R 296 371 A1 470 nm 405 5 A — 45
W, BRI AERUE M EC AW AR, MmA F-|
HPO LA BR %, H UV-Vis D63 & 43501
K8 A 9,



95 7 3] T AR N SRR Y A 0 S I B TR T 5 1077

Absorption / A.U.

0.5
e
0
0.4 02
0.4
0.6
0.34 1
2
3
021 y
0.1~
0.0
T T T T T
300 400 500 600 700
Wavelength / nm

¢:=2x107 mol - L7 ¢, ,, =0~50 equiv. of 2
7 MR 2 SRR HPO AW

Fig.7  Absorption spectra of receptor 2 in the presence of
H,PO, of different concentrations
0.5+
ey lcn
0.4 0
- 04
e
g 2
g‘ 0.2- 6
<
0.1
0.0
300 400 500 600 700
Wavelength / nm

Fig.8

Absorption / A.U.

Fig.9

¢=2x107 mol+L7;  ¢,»=0~50 equiv. of 2
K8 sZik 2 5ARMREE HPO Y WO i

Absorption spectra of receptor 2 in the presence of

HPO/* of different concentrations

o
Q
0

[T

0.0 —

3(‘)0 ' 4(‘)0 ' 560 ' 6(‘]0 ' 7(‘)0
Wavelength / nm
¢:=2x107 mol - L™; ¢, =0~50 equiv. of 2
9 k2 SRR FryW oL
Absorption spectra of receptor 2 in the presence of

F- of different concentrations

22 FESEREESLERESEHHNE

ZRSrF 15 H,PO, ) Job HIZEANIE 10 AR,
AA S5 KAE XS R ) A9 53 1Y) 1 4 B0 0.5, B 22
AT E5METFER 1R EEEY F M
HPO. 5 H,PO, 1Y Job MIZIEML, 215+ 2 5H
BT4ahIERnes RS2k s T 1 ME, fIH
Hildebrand-Ben 2~ 2B 5 5 K,

Ccy XCg  Cg 1

A TAe TK As 1)
KO)H ey M e AR SZ IR FBTE T /19 Bk
AA=A A R RIMABE 75 5 W6 B 281k,
Ae=gy—eyc 18R WE IR WG R BB AL en, om0
oy R R AZ RN EE A W EE SR WO R, 456 T A
WRAERIE 1 PR,

0.121

0.104

0.08
&
I 0.06
~

0.04+

0.024

0.00+

T T
0.0 0.2 0.4 0.6 0.8 1.0
Molar fraction

K10 524K 2-H,PO, B VR N 4x107 mol -1 Job plot
2k
Fig.10  Job plot of receptor 2 and H,PO,” at a total
concentration of 4x107™ mol-L™!
®1 DMSO HZ#& 4 F5BEF HPO, ,HPO  ,F-
HEAEH K RBXEH r
Table 1 Association constants and correlation
coefficients between the receptors and
H,PO,, HPO/ or F- in DMSO

Receptor 1 Receptor 2
Anions
K./ (L+mol™) r K./ (L-mol™) r
H,PO,~ 1.5x10° 0.998 1.7x10* 0.992
HPO> 4.0x10° 0.991 3.6x10* 0.999
k- 1.0x10° 0.958 2.2x10* 0.977
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