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Abstract A new urea-based receptor was designed to
selectively recognize H,PO; among other anions (such as
F, CI', Br, I', OH, AcO") in organic solvent (DMSO)
through intermolecular hydrogen bonding. Addition of
anions to the receptor caused changes in UV—vis spectrum
which provided the first indication of its anion binding
ability.
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Introduction

Anions play significant roles in chemical and biological
processes and environmental systems etc. Along with
these, considerable attention continues to be focused on the
receptors and sensors that are capable of binding and
sensing biologically important anions selectively [1].
During the last 20 years, a number of host molecules for
anions were reported. With a view to binding sites, those
are classified basically into electrostatic interactions, for-
mation of hydrogen bonds, and interactions with metal
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centers. In general, the positively charged receptors,
which mainly contain guanidinium groups [2], quaternary
ammonium groups [3] or isothiouronium groups [4],
interact with anions. Metal complexes [S] as anion bind-
ing sites can bind anions forming stronger bonds than
those observed using electrostatic or hydrogen-bonding
interactions. In supramolecular systems of anion recog-
nition, hydrogen-bonding groups have been widely used
in binding sites and most of them are ureas [6], thioureas
[7], calyx[4]pyrroles [8], pyrrole subunit [9, 10], amides
[11] and so on. In contrast with merely electrostatic, H-
bonds are directional, a feature which allows the design of
receptors having ability to differentiate between anions
with different geometries and hydrogen-bonding require-
ments. As an example, Luigi Fabbrizzi and other research
group’s [12] studies showed that urea was a good H-
bonds donor and excellent receptor for tetrahedral anions
and Y-shaped anions through the formation of multitopic
H-bonds. Moreover, Jurczak group also reported the
receptors derived from diamino-dichlorocarbazole [11b]
which was shown as easily available and important sub-
strate for the synthesis of the host molecular. But the
stability constants of receptor with only three anions were
determined by '"H-NMR titration. All these prompted us
to develop the novel receptor with urea units conjugated
to diamino-dichlorocarbazole group as guest recognition
sites and meanwhile introduce -NO, group as chromo-
phore into the receptor so that UV-vis spectra titrations
could be carried out. Besides, the most of urea derivatives
[13] reported previously deprotonated easily and took an
acid-base reaction upon addition of anions. Here we
synthesized the novel receptor 1 which could form clas-
sical supramolecular systems and recognize selectively
H,POj from different anions such as F~, CI', Br, I', OH’,
AcO'.
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Experiment section
General procedures and materials

All reagents for synthesis were obtained commercially
and were used without further purification except CH;CN,
which was further dried. "H NMR spectra were obtained
on a Varian UNITY Plus-400 MHz Spectrometer. C, H, N
elemental analyses were made on a elementar vario EL.
ESI-MS was performed with a MARINER apparatus.
UV-vis spectra were recorded on a Shimadzu UV2550
Spectrophotometer with a quartz cuvette (path
length =1 cm) at 298.2 K. In the UV-vis titration
experiment, all the anions were added in the form of
tetra-n-butylammonium (TBA) salts purchased from Sig-
ma-Aldrich Chemical and DMSO were dried with CaH,
distilled in reduced pressure. TBAF obtained as a hydrate
were dried with P,Os5 in vacuo at 353 K.

Synthesis of 1, 8-di(4-nitrophenylurea)-3,6-
dichlorocarbazole

1,8-diamino-3,6-dichlorocarbzole (0.2128 g, 0.8 mmol),
whose synthesis was specified in supplementary material
according to the literature (Scheme 1), was dissolved in dry
CH;CN. To this solution was added 4-nitrophenylisocya-
nate (0.3808 g, 3.2 mmol) dropwise slowly and stirred
under inert atmosphere refluxing for 8 h.Then the reaction
mixture was cooled to room temperature. Precipitate
formed was filtered and washed with CH;CN. Mass of
product = 0.37 g. Yield = 78%. 'H-NMR (DMSO-d)
oul10.7 (s 1H) 9.8 (s 2H) 9.1 (s 2H) 8.1 (m 6H) 7.7 (d 4H)
7.6 (d 2H) ESI-mass: m/z (negative ion mode) 592.38 (M-
H*) Elemental analysis calcd for CysH;7N;04Cl,
(M = 593.06): C, 52.54; H, 2.88; N, 16.50; found: C,
52.19; H, 3.01; N, 16.07.

Result and discussion

The interactions of host molecular 1 with a variety of
anions were investigated in a DMSO solution through

Scheme 1
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Fig. 1 UV-vis spectrum changes of receptor 1 (5 X 10~ M) at room
temperature in DMSO upon addition of (A) H,POy; and (B) AcO”

UV-vis spectra titrations. In particular, a standard solu-
tion of the tetrabutylammonium salt of the investigated
anions was added stepwise to a 5 x 10~ M solution of 1
at 298 K. Figure 1 showed the family of spectra taken in
the course of the titration, and the addition of H,POj
resulted in changes in the spectrum obtained during the
titration. The peak at 375 nm increased while the peak at
304 nm deceased upon addition of the anion. This could
be explained by the intramolecular charge-transfer inter-
action between the electron rich urea bond anion and the
electron deficient carbazole/-NO, moiety. In addition,
there were two well-defined isosbestic points at 293 nm
and 350 nm, which indicated that there formed the stable
complex having a certain stoichiometric ratio between the
receptor 1 and H,POj anion. Figure 2 showed that there
were changes of absorbance of 1 at 373 nm upon addi-
tion of H,POjy. The addition of AcO™ leaded to similar
spectral changes, but the addition of F, CI', Br’, I' and
OH' resulted in neglectable and/or out-of-order spectral
changes (see supplementary material). Firstly, H,PO; and
AcO" could be recognized selectively from the other
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Fig. 2 The plot of the change
in absorbance at 373 nm as a A
function of H,POj anion
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anions tested according to the dissimilar changes of
spectra caused by various anions.

To further investigate the anion binding properties of the
receptor 1, '"HNMR titrations, which were shown in Fig. 3
were obtained upon addition of H,POj as its TBA™ salt to
the DMSO-d¢ solution of the receptor 1 (0.01 M). Upon
addition of H,POy, the NH proton signals of urea and
carbazole underwent a continuous downfield shift and the
other proton resonance did not move nearly, indicating the
formation of a host—guest hydrogen-bonding complex, in
which H,POy ion interacted merely with the N-H frag-
ment. As mentioned above, the proposed binding mode was
shown in Fig. 4.

Affinity constants of receptor 1 for anionic species,
which were shown in Table 1, were determined by non-
linear fitting analyses of the titration curves according to
the Eq. (1), 1:1 host—guest complexation [11b, 14]
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Fig. 3 '"H NMR titrations of 1 in DMSO-dg (0.01 M) with H,PO,~

Wavelength/nm

0.0

T — T T T ===
400 500 300 350 400 450 500

Wavelength/nm

Fig. 4 The proposed host—guest binding mode in solution

A =Ap+ (Ajin - Ao){ ey + co + /K

- [(ey + cg + 1/K()? - 4 cucgl'/?Y 12y )
where, cg and cy are the concentration of guest and host,
respectively and A is the intensity of absorbance at certain
concentration of host and guest. A, is the intensity of
absorbance of host only and Ay, is the maximum intensity
of absorbance of host when guest is added. K is the affinity
constant of host—guest complexation.

Obviously shown in Table 1, the selectivity trends of
binding affinities of anions for 1 were determined to be
H,PO; > AcO” >> F~ CI'~Br~ I'~ OH". The selectivity
for H,PO4 and AcO™ could be rationalized on the basis of
the guest basicity and structure of the complex. As ex-
pected from the basicity [15] of anions, H,PO4 and AcO”
could interact with the host molecular 1 more strongly than
other anions tested. Moreover, HPO, with four oxygens
formed the strongest 1-anion complex via multitopic
hydrogen-bonding interactions. F was also more basic
anion compared with other anions, but its volume was
smaller than the rest anions and there was big spacer be-
tween two urea moieties just as the crystal structure of its
analogue 4 (in Fig. 5) reported by Jurczak group [11b]
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Table 1 Affinity constants of receptor 1 with various anions® in DMSO

Anion H,POy AcO” F Cr Br I OH

K.M™h (2.04( £ 0.6) x 10° (2.67 + 0.30) x 10* ND® ND ND ND ND

# Tetrabutylammonium salt of respective anions were used for studies

® Can’t be determined

2. (a) Zhang, X.-a.; Woggon, W.-D.: A Supramolecular Fluores-

c cl cence Sensor for Pyrovanadate as a Functional Model of Vana-
dium Haloperoxidase. J. Am. Chem. Soc., 127, 14138-14139

(2005). (b) Berger, M., Schmidtchen, F.P.: Zwitterionic Guan-

N idinium Compounds Serve as Electroneutral Anion Hosts. J. Am.

Q AH H HN e} Chem. Soc. 121, 9986-9993 (1999). (c) Kubik, S., Reyheller, C.,

Stiiwe, S.: Recognition of Anions by Synthetic Receptors in
Aqueous Solution. J. Incl. Phenom. Macrocycl. Chem. 52, 137-
187 (2005)

3. Kwon, J.Y., Singh, N.J., Kim, H.N., Kim, S.K., Kim, K.S., Yoon,
J.: Fluorescent GTP-Sensing in Aqueous Solution of Physiolog-

Fig. 5 The analogue of the receptor 1 ical pH. J. Am. Chem. Soc. 126, 88928893 (2004)

4. (a) Kubo, Y., Kato, M., Misawa, Y., Tokita, S.: A fluorescence-

active 1,3-bis(isothiouronium)-derived naphthalene exhibiting

suggested that the cleft was too wide for chloride anion. So versatile binding modes toward oxoanions in aqueous MeCN
, solution: new methodology for sensing oxoanions. Tetrahetron.
we 'speculated. that .the.re cou?dn t.form the stable complex Lett. 45, 3769-3773 (2004). (b) Seong, HR., Kim, D.-S., Kim,
having a certain stoichiometric ratio between the receptor 1 S.-G., Choi, H.-J., Ahn, K.H.: Benzene-based tripodal isothio-
and F anion. That was why H,POjy could be recognized uronium compounds as sulfate ion receptors. Tetrahetron Lett.
selectively among the anions tested. Secondly, affinity s 4DS’ 723};757 (52004)Y < H L A ¢\ Purooh
. . C _ . Dong, H.L., Soon, Y.K., Hong, J.-L: uorescent Pyrophos-
ConSta_ntS alS(_) provided }ls with the m(_hcatlon. that H,PO} phati Sensor with High Select?vity over ATP in Water.yAlfgew.
was differentiated selectively from various anions. Chem. Int. Ed. 43, 4777-4780 (2004)
6. (a) Cho, E.J., Moon, J.W., Ko, S.W., Lee, J.Y., Kim, S.K., Yoon,
J., Nam, K.C.J.: A New Fluoride Selective Fluorescent as Well as
. Chromogenic Chemosensor Containing a Naphthalene Urea
Conclusion Derivative. Am. Chem. Soc. 125, 12376-12377 (2003). (b) Ni-
shizawa, S., Biihlmann, P., Iwao M., Umezawa, Y.: Anion rec-
In summary, we have designed a novel receptor with two ognition by urea and thiourea groups: Remarkably simple neutral
urea moieties as anions binding sites and studied its receptors for dihydrogenphosphate. Tetrahedron Lett. 36, 6483—
interaction with various anions by the method of UV-vis 7 ﬁiggiél{%f)migi, F., Angelo, T., Pedrido, R.M., Gonzdlez-Noya,
spectra titration. In DMSO solvent, 1 can interact with AM., Bermejo, M.R.: A Colorimetric Approach to Anion Sens-
tetrahedral anions and Y-shaped anions more strongly than ing: A Selective Chemosensor of Fluoride Ions, in which Color is
spherical anions. So host molecular 1 can differentiate ?e“ggtef3b31’9’2;i°1r;'6ES"}(‘;8(C)Z§1 n-Delocalization. Angew. Chem.
_ . . . . nt. Ed. 43, -
H,POy, AcO” anions from spheric anions such as haloid 8. Nishiyabu, R., Anzenbacher, P. Jr.. Sensing of Antipyretic
anions. To our knowledge, only a few receptors for H,POy Carboxylates by Simple Chromogenic Calix[4]pyrroles. J. Am.
[16] were reported to date in the literature. Chem. Soc. 127, 8270-8271 (2005)

9. Jonathan, L.S., Julian, M.D.: Sapphyrins: Versatile Anion Bind-

Acknowledgement This project was supported by the National ing Agents. Acc. Chem. Res. 34, 989-997 (2001)

Natural Science Foundation of China (20371028, 20671052). 10. Takeuchi, M., Shioya, T., Swager, T.M.: Allosteric Fluoride
Anion Recognition by a Doubly Strapped Porphyrin. Angew.

Chem., Int. Ed. 40, 3372-3376 (2001)
11. (a) Chmielewski, M.J., Charon, M. Jurczak, J.: 1,8-Diamino-3,6-

References dichlorocarbazole: A Promising Building Block for Anion
Receptors. Org. Lett. 6, 3501-3504 (2004). (b) Shang, X.-F., Xu,
1. (a) Amendola, V., Bonizzoni, M., Esteban-Gomez, D., Fabbrizzi, X.-F., Lin, H., Shao, J., Lin, H.-K.: Efficient Fluoride-Selective
L., Licchelli, M., Sancendn, F.; Taglietti, A.: Some guidelines for Receptor: Experiment and Theory. J. Incl. Phenom. Macrocycl.
the design of anion receptors. Coord. Chem. Rev. 250, 1451- Chem. (in press) DOI 10.1007/s10847-006-9154-6
1470 (2006). (b) Steed, J.W.: A modular approach to anion 12. (a) Boiocchi, M., Del Boca, L., Gomez, D. E., Fabbrizzi, L.,
binding podands: adaptability in design and synthesis leads to Licchelli, M., Monzani, E.J.: Nature of Urea-Fluoride Interaction:
adaptability in properties. Chem. Comm. 2637-2649 (2006). (c) Incipient and Definitive Proton Transfer. Am. Chem. Soc. 126,
Martinez-Marez, R., Sancendn, F.: Fluorogenic and Chromo- 16507-16514 (2004). (b) Esteban Goémez, D.; Fabbrizzi, L.;
genic Chemosensors and Reagents for Anions. Chem. Rev. 103, Licchelli M.; Monzani E.: Urea vs. thiourea in anion recognition.
4419-4476 (2003) Org. Biomol. Chem. 3, 1495-14500 (2005). (c) Kato, R., Ni-

@ Springer



J Incl Phenom Macrocycl Chem (2007) 59:371-375

375

13.

14.

shizawa, S., Hayashita, T., Teramae, N.: A thiourea-based chro-
moionophore for selective binding and sensing of acetate. Tet-
rahedron. Lett. 41, 5053-5056 (2001). (d) Lee, D.H., Lee, K.H.,
Hong, J.-I.: An Azophenol-Based Chromogenic Anion Sensor.
Org. Lett. 3, 5-8 (2001)

Ross Kelly, T., Min, H. K.: Relative Binding Affinity of Car-
boxylate and Its Isosteres: Nitro, Phosphate, Phosphonate, Sul-
fonate, and .delta.-Lactone. J. Am. Chem. Soc. 116, 7072-7080
(1994)

(a) Yoon, J.,, Kim, S.K., Singh, N.J., Lee, JW., Yang, Y.J,
Chellappan, K., Kim, K.S.: Highly Effective Fluorescent Sensor
for H,PO,4". J. Org. Chem. 69, 581-583 (2004). (b) Kim, S.K.,
Singh, N.J., Kim, S.J., Kim, H.G., Kim, J.K., Lee, J.W., Kim,
K.S., Yoon, J.: New Fluorescent Photoinduced Electron Transfer
Chemosensor for the Recognition of H,PO,4 . Org. Lett. 5, 2083—

15.

16.

2086 (2003). (c) Kwon, T.H., Jeong K.-S.: A molecular receptor
that selectively binds dihydrogen phosphate. Tetrahedron Lett,
47, 8539-8541 (2006).(d) Kondo, S.-i., Hiraoka, Y., Kurumatani,
N., Yano Y.: Selective recognition of dihydrogen phosphate by
receptors bearing pyridyl moieties as hydrogen bond acceptors
and references therein. Chem. Commun., 1720-1726 (2005) and
references therein

Amendola, V., Esteban-Gomez, D., Fabbrizzi, L., Licchelli, M.:
What Anions Do to N-H-Containing Receptors and references
therein. Acc. Chem. Res. 39, 343-353 (2006)

Bourson, J., Pouget, J., Valeur, B.: Ion-responsive fluorescent
compounds. 4. Effect of cation binding on the photophysical
properties of a coumarin linked to monoaza- and diaza-crown
ethers. J. Phys. Chem. 97(17), 4552-4557 (1993)

@ Springer



	A novel neutral receptor for selective recognition of H2PO4&minus;
	Abstract
	Introduction
	Experiment section
	General procedures and materials
	Synthesis of 1, 8-di(4-nitrophenylurea)-3,6-dichlorocarbazole

	Result and discussion
	Conclusion
	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


